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In a side-by-side comparison between the Honda Accord and the Plymouth Acclaim, the 
differences are clear. The Acclaim has more interior room, more passenger room with 
available seating for six, greater power with available V-6 and turbo, standard driver's-side 
air bag and our exclusive 7 year or 70,000 mile powertrain warranty All told, the Acclaim 


GLEARLY, THERE'S 


Honda Accord. 


*Protects engine, powertrain and covers outerbody rust-through. See limited warranty at dealer. Restrictions apply. 
+Base sticker price comparison. Std. equip. may vary. Buckle up for safety! © Plymouth/Chrysler Motors, 1990 


$500 less than the Accord! So just eal аа оет С Advantage: Plymouth 


for purchase or leasing information. Or visit your local Chrysler- Plymouth dealer for a test 
drive. The Plymouth Acclaim. When you consider all its advantages, nothing compares. 


NO COMPARISON. 


More room. 


More available 
seating. 


Longer power- 
train warranty. 
Available V-6. 


Standard driver's- 
side atr bag. 


Over $1500 less. 


Plymouth Acclaim. 
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ITH SANSUI’S NEW MINI MODULAR, 
ITS MUSIC THAT FILLS THE ROOM, NOT THE STEREO. 


Sansui's engineers will surprise you with their Mini Modular series. In an 
engineering feat akin to painting the Sistine Chapel on the head of a pin, they've 
packed a complete audio system, including a CD player and dual tape decks, into 
just 11 square inches. And the Mini can be arranged to fit any space. Which means 
you still get the same larger-than-life Sansui sound, but the Mini series leaves 


room to dance. The Sansui MC-1000. Sight and sound made better. 


ЁЎ SANSUI 


ENGINEERED TO 
FIT YOUR LIFE. 


THE SANSUI MC-1000 MINI COMPONENT SYSTEM. AM/FM STEREO RECEIVER. DUAL CASSETTE. PROGRAMMABLE CD PLAYER. REMOTE CONTROL. 
©1990 Sansui USA Inc. P.O. Box 625, Lyndhurst, NJ 07071 (800) 524-2351 
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THE WHAT'S NEW MAGAZINE 


3RD ANNU A L POPULAR SCIENCE presents its 3rd 


After Navy officials blamed a sui- 
cidal crewman for an explosion 
killing 47 sailors, congressmen 
tapped Sandia Labs, a weapons 
research center, to investigate. 


Saturn is GM’s best effort yet at 
producing a small car. Can it 
challenge the Japanese pedi- 
greeds—Civic and Corolla? 


Showdown for Saturn 


annual “Best of What's New"— 
100 of 1990's greatest achieve- 
ments in science and technology. 
Some of the *Best": a new species 
of monkey from Brazil, two new 
Advanced Tactical Fighters, and a 
technique from IBM to move 
atoms one at a time. 53 
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‘Remember the first 
talked on a cellular p 


Introducing the most advanced 
Autofocus SLR Zoom camera in 
the history of photography. 


iy 
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What's it like to hold the future in 
your hands? Pick up the new Olympus 
15-1 and find out. Never has the tech- 
nology of ultra-miniaturization and 
integrated system design been taken so 
far in photography. In fact, to place the 
15-1 in the same category as a conven- 
tional camera would be like placing the 
fax machine in the same category as a 
conventional copier. 

Simply stated, the 15-1 15 the Auto- 
focus Single Lens Reflex Zoom that 
has created a new category of camera— 
the Zoom Lens Reflex (ZLR). 

What you see here are just a few of 
the extraordinary features of the 15-1. 
To get the full picture, see your nearest 
Olympus dealer. 


To meet the demanding requirements 
of the serious photographer the IS-1 
can zoom from 35mm wide angle to 135mm 
telephoto in just one second to capture 
a photograph as fast as you see it. 
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зе or heard a CD? 


The 15-115 the first camera with a built-in lens to include 
Extra-low Dispersion (ED) glass as a part of its lens design. The resulting clarity of image, crispness 
of detail, and naturalness of color will Startle you 


The most sophisticated built-in flash 
unit in the history of photography. Unique Dual-Strobe Flash 


is remarkably powerful yet sensitive enough to illuminate a close-up 


ni 3 nwar And me буг mma TI^. ALS waala a MM ir , 
О а NOWE ДА Jal EXLIUS'VG Auli I= fe j DIOC For a tree 15-1 normal on pack. and an Olympus dealer near wo cal t-B00-221.3000 For more formation 
significantly reduces red-eye write Olympus Corporahon. Dept. 400 . Woodbury. NY 11797 In Canada. W Carsen Co., Lid . Toronto 


What's News 


In the POPULAR SGENc art 


| he “Best of What's New” for 1990, 
T our third year-end celebration of 
excellence in science and technolo- 

gy, is an eyeful. Spread across 24 pages 
of this issue, 100 of the best products 
and scientific and technological 
achievements from around the world 
will dazzle you. It is a record of our 
progress. It is a chronicle of our ingenu- 


| , Tom White (center) 
and Dave Houser (right), explain to Fred Abatemarco the pro- 
cess of cover design direct from computer screen to film. 


ity. And it is a statement about where | 


we stand as the only living species with 
enough intellect to define itself continu- 
ally by reinventing its environment. 

What does this year's “Best of What's 
New" say about who we are and the so- 
ciety we have created? Let's start with 
the category Environmental Technol- 
ogy, which we inaugurated this year. 
Its clear that our most laudable ef- 
forts in this area are aimed in at 
least three directions: cleaning up 
the mess of an industrialized civiliza- 
tion; making the manufactured prod- 
ucts of our lives less damaging to the 
irreplaceable elements of air, water, 
and land, which we have belatedly 
| recognized as finite; and dancing as 
fast as we can to learn how to live in 
harmony with our natural surroundings. 
We can see no applications of science 
and technology as urgent and poten- 
tially beneficial as those aimed at 
preserving, restoring, and nurturing 
the planet. 

The computer revolution that will 


delightfully—our entertain- 
ment products for sight and 
sound. Perhaps more impor- 
tant, the computer-spawned 
information age is finally 
coming around to the 
masses, albeit with stark 
and unfinished—yet presci- 


er for learning and educa- 


ware that is beginning to 
take the pain and frustration 
out of using computers. At 
least, it seems, we're seeing 
early signs that computers 
can be tools for every man— 
not just the businessman. 


world, it demands a signifi- 
cant technological resource, and this 
year we've witnessed communications 
devices that further leverage the pre- 
cious minutes and miles that separate 
hurried and harried executives. 
The avocations of our lives are 
marked by continued marvels in cam- 


Speaking of the business | 


with myriad electronic sen- | 
sors and controls, and—most | 


ent—developments: devices | 
that use the computer’s pow- | 


tion, and hardware and soft- | 


eras, video games—even a lawn-cutting | 


robot. And in fundamental science, we | 


have broken ground—so to speak—in 


| the smallest and largest realms, from 


the first-ever manipulation of submi- 

croscopic atoms to unprecedented im- 
ages of the vast Milky Way galaxy. 

few footnotes concerning this 

year's “Best of What's New" is- 

sue are worth your attention. 


| Some of you may notice a cover image 


on the newsstand different from the 
one you receive in the mail. Both are 
identical inside. We simply decided to 
test an all-type cover and a picture- 
laden one to discover your preference. 
Finally, the “Best of What’s New” 
takes on a new dimension this year, as 
a TV show. On Sunday evening, Nov. 
18, and again at a date to be an- 
nounced, CNBC, the information and 


| business-news cable network, will air a 


special based on this issue. This year 


| we hope you enjoy reading and viewing 


| stand as the 20th century's equivalent | 


of the Industrial Revolution continues 
| to infiltrate every nook of our life styles 
| —our homes with automation, our cars 
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Black Velvet: 
ported. 


Readers Talk Back 


The trials of "tossing it" 
"How We Can Win the War Against 
Garbage" [Oct.] states correctly that 
making less trash has the greatest 
potential for solving the problem. I 
think processed-food packaging is a 
good place to start: For example, cere- 
al boxes look more and more like sign- 
boards, and they are only partially 
filled—a tremendous waste. It is un- 
reasonable to think, however, that 
processors will change until we stop 
buying products on the basis of how 
eye-catching the packaging 1s. 

John A. Bennett, Bethesda, Md. 


You ignored a significant aspect of 
burying disposable diapers in land- 
fills: If 1.5 million tons a year of dia- 
pers are buried, much of that must be 
untreated human waste. Landfills 
were never built to deal with these 
wastes; and most landfills are no- 
where near as high-tech as the new 
ones in your article. The potential for 
ground-water contamination and dis- 
| ease is staggering. It's time we 
thought about what we're throwing 
away each time a diaper thunks into a 
wastebasket. 

Caroline Yull, Stella, Ont., Canada 


Burning garbage in any form—wheth- 


er quickly by incineration or slowly by | 


aerobic composting—is a waste of a re- 
source. When carbon is burned, it re- 
leases 14,600 Btu per pound, whereas 
any hydrocarbon releases upward of 
21,000 Btu per pound. Only one 
method you reported on—ever so 
briefly—reflects this energy lesson: the 
Illinois Biomass Energy Program in 
Dupage, which anaerobically makes 
methane that contains 23,800 Btu per 
pound. In effect, the microbes used con- 
vert water into a gas for fuel. This re- 
duces all other processes you covered to 
Stone Age technology. 
Karl J. Bea, president 
Institute for Hydrocarbon Research 
Syracuse, N.Y. 


Cover charge 


After reading "Deep Cover" [Aug.], 
about submarine stealth technology, 
Im sending you an article about the 
Soviet sub water-propulsion pod. It 
uses a vastly different technology 
than you described. 

Name withheld, Sunnyvale, Calif. 


8 | POPULARSCIENCE DECEMBER 1990 


The article is from the 1986 Jane's 
Naval Review and written by Royal 
Navy Cmdr. Roy Corlett. As *Deep 
Cover" indicated, speculation about 
pod. operation varies. Corlett, who in 
the article admits his description is 
"pure supposition," says the pods con- 
tain a superconducting coil. Inside the 
coil is a flexible membrane holding 
ferromagnetic fluid. Magnetic pulses 
from the coil create mechanical waves 
in both the magnetic fluid and mem- 
brane, drawing water into the pod's 


entrance and expelling it from the | 


rear for propulsion up to seven knots. 


The South rises 


Just read the October issue. Whar in 
the con-sarned Sam Hill heck is my 
old buddy Smokey? If y'all cotton- 
pickin' Yankees are going to leave him 


out, I'll go to some high-fashioned | 


magazine like Playboy! Even my dawg 

was mad! Still love your mag—but be- 

ware: The South's goin' to rise agin! 
James H. Bennett 


Whiteville, Nawth Caalina | 


Hubble babble 


I, as were many taxpayers, was 
looking forward to an astounding 
study of our universe by the Hubble 
telescope (“The Trouble With Hubble,” 
Oct.]. I am appalled that the telescope 
was not tested properly. Any optical 
device sold on this planet is tested, 
and the cost of checking Hubble would 
have been a fraction of the total for 
this worthwhile project. 

Steven A. Zieg, Yorba Linda, Calif. 


Could the inaccuracy of the Hubble 
have been caused by a failure to ac- 
count for gravity in the grinding pro- 
cess? I’m surprised anyone would ex- 
pect that a lens ground in Earth’s 
one-g environment would perform 
perfectly in zero g. We should fess up 
that some manufacturing only can be 


done at zero g. What a giant leg up 


this would be for our space station. 
Jack M. Brown, Costa Mesa, Calif. 


If the nature of the focusing error can 
be determined by the pictures and the 
error can be simulated by computers, 
why can’t the computers process the 


pictures to clear up the images? This | 


would require no in-space fixes. 
Mike McDermott, Kokomo, Ind. 
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You like people. You also like your 
privacy. You believe there should be 
room in life for both. And, you're right. 

The 2-door Explorer from Ford is 
just what you had in mind. Its 
versatility means real independence. 
Its spaciousness holds lots 
of friends and cargo. The engines a 
big 4.0L EFI V-6. 

With Ford's exclusive Touch Drive 
system, you can shift from 2WD to 
4WD High and back, on the fly, 
at the push of a button. With a 
long list of amenities, you can 
really express your individuality. 

* Sound perfect for you? 

You re in good company; 
Explorer is today s best-selling 
compact utility" 


*Based on Manufacturers’ Reported Retail Deliveries, May 1, 1990 to date 


E 


Buckle up — together we can save lives. 


Have you driven a Ford... lately? Your Explorer 1% ready. 
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Readers Talk Back 


A computer can't restore the light- 
gathering ability that was lost.— 
Arthur Fisher 


The main “Trouble With Hubble” is 
its public relations, which have been 
shot bloody by destructive media cov- 
erage. It isn't shocking that such a 


| tremendous venture as Hubble wasn't | 


perfect on its first shot. I was heart- 
sick when you labeled it *à myopic 
Cyclops," “a staggering disappoint- 
ment,” and a “red-faced embarrass- 
ment.” Use some perspective. NASA 
has a fabulous track record, especially 
considering the cosmic scope of its ef- 
forts. We should support our scien- 
tists—not shoot their feet off when 
they stumble. After all, most break- 


| throughs have come after overcoming 


failure. Hubble will be perfected and 
mankind will benefit—no thanks to 


| POPULAR SCIENCE. 


Jane Parham, San Francisco, Calif. 


To speed or not to speed 


Im dumbfounded that in “It’s the 


| Photo and Laser Cops” [Sept.] you 


talk about speeders as if we were 


| murderers or rapists—calling most 


of the population *scofflaws" and 
"hard-core" when we're just trying to 


get to work in a reasonable amount 


of time—while you test cars such as 
the ZR-1 Corvette. Please cancel my 
subscription. 

Aaron Coolidge, Norton, Mass. 


| Lasers? Aircraft? Radar-detector detec- 


tors? While serious crime eats away at 
society, the police spend ever-greater 


| resources trying to catch speeders. If it 


weren't so sad, it could be comical. The 
right to set speed limits should be re- 
turned to the individual states and 


| chosen as a function of road quality, 


traffic, and weather. It’s a lot safer to 
drive at 85 mph across Nebraska than 
55 around the Capitol’s Beltway. 

Max Jacobs, San Angelo, Texas 


When will we police reckless driving 
instead of speed? When 35-mph limits 
held sway in World War II, the death 
rate went up—people fell asleep. But 
when speeds rose, the death rate 
dropped drastically. Speed control is 
hanging the wrong man: It is right of 
way that should be policed—just as it 
is in the air and on the rails. 

Walt Buescher, Pigeon Forge, Tenn. 


You say there’s nothing available to 
detect a Laser Speed Gun beam, but 
mention nothing about the possibility 
of jamming. Scofflaws could conceal a 
low-power, wide-disbursement infra- 
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red source in the headlight/grille 
area. This would easily swarm the 
weak reflected laser infrared. Inex- 
pensive electronics could tune this 
source to mimic a police laser gun, 
making the offending vehicle invisible 
to the detector or causing it to read 
out a predetermined speed. 

B. A. Anderson, Gahanna, Ohio 


Regarding the device that takes a pic- 
ture of the driver: While there are 
laws against tinted windows and 
windshields, I’ve never heard of any 
against a tinted clip-on addition to 
the sun visor. For complete protec- 
tion, drivers could wear a ski mask or 
extra-large sunglasses and a fake 
mustache. 

Robert D. Smith, Olds, Iowa 


You are wrong to say, "Without any ef- 
fective countermeasures against the 
latest speed-detecting hardware, mo- 
torists are right back where they were 
before radar detectors came along." 
Any technological achievement can be 
countered by another, given the time, 
means, and motivation. 

Harris W. Foster, P.E., Austin, Texas 


More science, please 


Once in awhile, POPULAR SCIENCE 


prints an article that's a reflection of 
its title, and I feel Гуе gotten my mon- 
eys worth. Unfortunately, that doesn't 
happen often enough. Whatever hap- 
pened to chemistry, biology, physics, 
genetics, and astronomy? POPULAR 


SCIENCE concentrates too much on | 


houses and cars. If you insist on writ- 
ing these articles, change your name. 
Charles T. Sullivan, Ocean Grove, N.J. 


It's ironic that you display a BMW 8- | 


Series coupe on the same page as an 
experimental electric car [“Automo- 
tive Newsfront," Sept.]. Which one 
would contribute to the Los Angeles 
pollution plan in a positive way 
[^Commanding California's War on 
Smog,” Sept.]? Your fascination with 
gimmicky technology detracts from 
the many useful, informative articles. 


Steven J. Nyberg, Minneapolis, Minn. | 


Painting everything green 


While I agree that there are some | 


problems with drying time and 
brushability with some paints that 
emit smaller amounts of volatile or- 
ganic compounds as they dry [^Clean- 
Air Paints," Aug.], I feel this is a small 
price to pay for a cleaner environment. 
In any case, our new VT76 enamel has 
a higher ultimate hardness and equal 


resistance to chalking, fading, and 

mildew as the old formulations. 
Dennis J. Wilkens, vice president 
Davlin Coatings, Berkeley, Calif. 


Yesterday's tomorrow 


You were bold to excerpt a 1965 piece 
that predicts cars in the 1970s will 
travel at 150 mph on highways with 
control towers (“Looking Back,” Осі]. 
While the flaws in the old projections 
can humble present-day forecasters, 
they also remind us of our lost possi- 
bilities. Without the Vietnam War or 
with different government policies, 
who can say that author's future vi- 
sion wouldn't have happened? As in- 
dividuals and as a nation, we make 
decisions daily that affect our future. 
I wonder about the paths not taken. 
Arnold Hite 
Associate Professor of Economics 
Baptist College at Charleston 
Charleston, S.C. 


In July Times Mirror Magazines, which 
publishes PoPuLAR Science, launched its 
Conservation 'Council, a combined effort 
of editors and company executives that 
aims to preserve America's natural re- 
sources. In response to a survey that ap- 
peared in the July issue, PoPULAR SCIENCE 
readers showed themselves to be keenly 
concemed about environmental issues. 
| Respondents agreed or disagreed that 
the following are important issues: loss of 
fish and wildlife, destructive commercial 
fishing techniques, pollutants that cause 
hazards such as acid rain, global-warrn- 
ing threats, hazardous household prod- 
ucts, and insufficient public access to 
public lands. On all questions but one, 
more than 85 percent agreed that the 
statements were important; approximately 
half of the readers thought there was ade- 
quate access to public lands. About 10 | 
percent disagreed with any given ques- 
tion. Less than one percent "did not care." 
Many surveys were accompanied by let- | 
ters offering suggestions and expressing 
interest about the environment. Each of 
the surveys and letters will help guide the 
council in reaching its goals toward con- 
serving our natural resources. 


Correction: General Motors' Willow 
Run, Mich., plant was originally built 
and operated by Ford Motor Co. dur- 


| ing World War II to make B-24 Lib- 


erator bombers [“Inside Saturn,” Aug.]. 


Address letters to Headers Talk Back, POPULAR SCIENCE, 2 
Park Ave., New York, N.Y. 10016. Or fax your letter to us at 
212-779-5468. We reserve the right to edit for space and 
clarity and cannot answer unpublished letters. 


HEATING YOUR HOME S 100 IMPORTANT 
TO SETTLE FOR SECOND BEST. 


Discover the Carrier Infinity” gas 
furnace. No other furnace is more 
efficient. Or quieter. No other provides 
such consistent comfort.  . 

Instead of constantly cycling on 
and off like other furnaces, the Infinity 
continually adjusts its output to give 
you beautifully even, draft-ree heat— 
optimum comfort in every room of 
your home. 

Energy savings are twofold. 

First, by using natural gas more 

efficiently, the — offers savings of 


Carri ler We're Not Comfortable Until You Are. 


© 1990 American Gas Association 
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30% to 40% in the annual operating 
cost of a typical gas furnace. Second, 
the Infinity uses 60% to 80% less 
electricity in its operation than any other 
gas furnace. Combined, these savings 
make the Infinity the most energy- 
efficient gas furnace ever developed. 

The only way to learn more 
about the Infinity gas furnace is by 
calling your local Carrier dealer. 
Call 1-800-CARRIER 
for complete 
details. 


с For comfort you can айога, choose 


gas — Americas favorite way to heat 
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| INTRODUCING THE 
If WIZARD 8000 


NOTHING CAN HELP 
YOU TAKE CONTROL The OZ-8000 is a powerful yet - 
OF ALL THE DETAILS | uncomplicated computer that fits 


Еа a а Ё | Е inthe palm of your hand. Our 


i Е 


| rr a MM new Help” key provides step-by- 
OF YOUR BUSY LIFE | e x X е کر‎ КА step instructions for each function. 
LIKE THE WIZARD” 98 


Eleven built-in features include a 
2 Text Outliner and Business Сага 
File. A raised keyboard and 40 
character, 8 line display make it 
easy to enter, sort, and retrieve 


AND 20 SERIES “Шш 
ELECTRONIC ORGANIZERS n information quickly. You can even 
back up your data in seconds on 


FROM SHARP 4 i | an optional memory card. 
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THE POWER TO ERDE 
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ZQ-2000 
2 Character x 4 
medisplay. 


70-2200 
12 Character x 4 
line display. 
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MORE SOFTWARE. And through Sharp's patented And an optional modem sends 
MORE FUNCTIONS. touch-screen technology, each and receives data right over the 

| | card has its own custom keyboard phone lines. 
All Wizard and ZQ series ç for auy operation. | | This symbol indicates PC-link 
electronicorganizers comewitha ay [his symbol indicates soft- capability. 
complete array of built-in functions. 888 ware expandability. For a free brochure on Sharp's Wizard 
With the esque vis пт е series, or ZQ series electronic organizers, 
YOU сап di50 Expand DO | NINI | or for the store nearest you, 
applications and memory with THE PC CONNECTION. call 1-800-321-8877. In Canada call 
Sharp's extensive library of option- Тһе Wizard can be a portable 1-416-890-2100. 
al software cards. Createa _ extension of your home or office 
spreadsheet. Calcu- eee, computer With optional 
late loan payments. С „/ М» PC-link software апа 


Track your expenses. X 
Even send а fax directly Ҹ 
from your Wizard. 


cable, you can swap files 


with any IBM" compatible FROM SHARP MINDS 
or Macintosh" computer. COME SHARP PRODUCTS" 


HOW NORELCO TOOK A RAZOR 
THAT WAS SEEMINGLY PERFECT 
AND MADE IT BETTER. 


For the 19905, Norelco’engineers directed to the blades. The cutting 
have raised the standards of shaving system has been engineered to shav 
excellence by Ca ag even closer without the 


new shaving“ | 1 blades touching your skin. 
system. А | And an improved bearing 
Norelco A. d У | mechanism delivers a more 
razor that ммт Immeisten Immis a consistent, smooth- 


е chamber of lifts and exposes 
shaves even the mre zi оа hair. closer. 
сре without giving up any of its 


legendary comfort. us Together, these 


В; 1 ‘This new standard i4 engineering ad 
EX of shaving ex- vances shave 
а 50. Cellence was Ni IUE You closer than 
адат vus ACHIEVE through i SS ever. Yet not one 
“perfomance. Major improve- Ж iota of comfort 
ments in virtually ЕЭ @ has been lost. 
every area of @ Rather, youve 
the Norelco l E eda new level 
patented" Lift S of closeness and 
and Cut. Zi comfort. The 
system. The | Ё Ir new Norelco. 
comb slots ` he seemingly 
have been, | B ес! razor just 
redesign-| E. Р sot better. 
а A Norelco’ 
growing at A NEW LEVEL OF 
any angle can — 


of North American Philip ips Mason юй, 
ford, CT 06904 
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Science Newsfront 


By DAWN STOVER with Gode Davis 


This map is a composite of cloudless photographs taken by Advanced Very High Resolution Radiometry satellites with a resolution of four kilometers. 


A sculptor and a computer graphics 
specialist sorted through thousands of 
satellite images stored on computer 
tapes, found cloudless views of Earth, 
and pieced them together to form this 
realistic map. The most detailed map 
ever generated by a computer, it’s 
composed of 32 million pixels, or col- 
ored dots. (The average 19-inch televi- 
sion screen has about 10,000 pixels.) 

Artist Tom Van Sant and Lloyd Van 
Warren of NASA's Jet Propulsion Lab- 
oratory spent a year creating the 
map's computer data base. NASA paid 
Van Warren's salary while he worked 
on the data base, and Van Sant 
formed Eyes on Earth, a nonprofit cor- 
poration in Santa Monica, Calif., to 
help finance the project. 

Van Sant's ultimate goal is the cre- 
ation of three-dimensional “reality 
globes" that will be works of art as 
well as teaching tools. He is currently 
assembling a seven-foot-diameter Geo- 
Sphere made of translucent fiberglass 
lit from the inside. A computer con- 
trols the lighting, as well as the 
globe's rotation through 4,000 differ- 
ent positions. Glued to the sphere are 


| 36 photographic transparencies shaped 


like sections of an orange rind. 
Enclosing the GeoSphere will be a 
clear Lexan “atmosphere” treated 
with a chemical that allows slides, 
videos, and laser shows to be projected 


| 


onto its surface. Film can also be “ap- 
plied" to the shell. ^We can have a li- 
brary of storms on Saran Wrap;" ex- 
plains Van Sant. 

Van Sant hopes television networks 
will buy some of the giant globes to 
use as visual aids. The networks could 
also purchase software for the globes: 
a time-lapse series showing changes 
in the ozone hole, for example, or an 
oil-spill program showing shipping 
routes and the locations of major 
spills. Using GeoSphere's data base, 
TV producers could even create a vid- 
eo sequence in which a camera pulls 
back from the viewer's local area— 
showing the live weather—and zooms 
down on the site of the oil spill. “Our 
goal is to be able to communicate com- 
plex global environmental issues," 
Van Sant says. 

Van Sant also plans to build small 
spheres for classrooms and homes. 
But these spheres won't look like 
conventional globes, with some coun- 
tries in pink and others labeled with 
outdated names. GeoSpheres will 
look like the real thing, and they'll 
have accessories: snap-on plastic cov- 
ers showing continental drift, politi- 
cal boundaries, deforestation pat- 
terns, species habitats, and other 
geographical information. 

While he works on the small globes, 
Van Sant is thinking big: He's collect- 
ing images that are four times as de- 
tailed as the ones used in the current 


data base. Eventually, he plans to cre- 
ate a 21-foot-diameter GeoSphere that 
will be sculpted to show surface fea- 
tures such as mountain ranges. 


$un spot 


Scientists at the University of Chicago 
have created the most concentrated 
beam of sunlight in the solar system 
—15 percent more intense than the 


surface of the sun. Physicist Dr. Dave 


Cooke and five colleagues used an or- 
dinary 16-inch parabolic telescope 
mirror to focus sunlight on a ma- 
chined cone of pure sapphire about a 
yard away. They tested their device 
on top of the university's physics 
building in late August, concentrating 
sunlight into a beam 84,000 times 
brighter than normal sunlight strik- 
ing Earth. 

Cooke and other researchers have 
suggested that powerful solar collec- 
tors could be used to break down toxic 
wastes, transmit data between satel- 
lites, and even melt lunar soil into 
glass "bricks" and other construction 
materials. 


Gene therapy 


In May 1989, Dr. Steven A. Rosen- — 


berg, chief of surgery at the National 
Cancer Institute, and two fellow re- 
searchers—Dr. R. Michael Blaese, al- 
so of the institute, and Dr. W. French 
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Anderson of the National Heart, Lung 
and Blood Institute—performed the first 
gene transfer experiment on humans: 
| They extracted cancer-fighting cells 
from the blood of eight patients with a 
fatal skin cancer, attached a for- 
eign marker gene, and gave the patients 
infusions of the modified cells. 
A recently published study report- 
ing on five of the patients found that 


some cells containing the new gene | 


survived for at least 19 days, and none 
of the patients suffered side effects. 
Rosenberg now hopes to outfit tumor- 
fighting cells with a gene enabling 
them to produce tumor necrosis fac- 
| tor—an experimental anti-cancer drug. 
Just 15 days after Rosenberg’s team 
published its report stating that inser- 
tion of a non-therapeutic marker gene 
was safe for humans, a four-year-old 
girl became the first human to receive 
a therapeutic gene. The girl, who suf- 
fers from a rare genetic disorder called 


| ADA deficiency, received an infusion | 


of genetically engineered blood cells 
containing copies of a gene she is mis- 


and the University of Michigan an- 


sing. Without the gene, which governs 
the production of an enzyme that re- 
moves wastes from the body, the girl’s 
immune system can't function proper- 
ly. Within a year, her doctors will know 
whether the gene therapy is working. 
The FDA and a review board of the 
National Institutes of Health ap- 
proved the trial. Gene therapy may 


eventually be used to treat cancer, | 


sickle cell anemia, cystic fibrosis, and 
other disorders. 

On Sept. 21, just one week after the 
first gene-therapy test, teams of re- 
searchers at the University of lowa 
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This i of cross-sectioned beefwood leav 
won Polaroid's photomicrography contest. 
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HUBBLE SENDS BACK “GLOWING” IMAGES 


Pre 


| Although its primary mirror is deformed [“The Trouble With Hubble,” Oct.], the Hubble 


Space Telescope has managed to transmit some dramatic images. The photograph 
above, taken on Aug. 23 by the European Space Agency's Faint Object Camera aboard 
the spacecraft, shows a gaseous ring around Supernova 1987A, a star that exploded 
three years ago. Astronomers believe the glowing ring arose from a “stellar wind" vented 
by the star in the 10,000 years before its explosion. As the star evolved, hydrogen-rich 
gases were swept into a ring measuring about 1.3 light-years in diameter. 

When the star exploded, a blast of ultraviolet radiation ionized and heated the ring, 
which still glows at a temperature of more than 20,000 degrees Kelvin. But within a few 
years, debris from the explosion will overtake and destroy the ring. 

Shortly before Hubble photographed the supernova ring, its Wide Field and Planetary 
Camera sent back a picture of galaxy NGC 7457, 40 million light-years away. In earlier 
photographs recorded by ground-based instruments—including one taken by Dr. Edwin 
P. Hubble, the space telescope's namesake—the galaxy appeared to have a normal con- 


| centration of stars. But the picture taken by Hubble showed that stars at the center of the 


NGC 7457 galaxy are packed 30,000 times more tightly than in our own galaxy. 

“We've never been able to study any galaxy outside of our local group—our 'neighbor- 
hood' of about two dozen galaxies—at this resolution before," said Tod Lauer of the Wide 
Field and Planetary Camera imaging team. Astronomers can now try to find out what 
holds the dense clump of stars together; some speculate that they're seeing a black hole. 

A government panel recently concluded that the flaw in Hubble's main mirror was 
caused by a defect in a metering rod. The rod was used to set up a null corrector, an opti- 


cal device that checked the shape of the mirror during its final grinding.—D. S. 


nounced they had taken a big step to- 
ward curing cystic fibrosis: In the lab- 
oratory, they used a deactivated virus 
to insert healthy versions of the cystic 
fibrosis gene into "sick" cells. The cells 
then began to exhibit normal bio- 
chemical activity. The experiment 
suggests that it may be possible to re- 
pair genes within the bodies of the es- 
timated 30,000 Americans who have 
cystic fibrosis, but doctors say it will 
be several years before clinical thera- 
py is available. 


Photo finish 


The best photomicrograph of the year 
is a brightly colored PolaChrome slide 
of cross-sectioned beefwood leaves, ac- 
cording to judges of Polaroid's 1990 In- 


ternational Instant Photomicrography 
Competition. Roland H. Gebert, a do- 
cent (assistant professor) for Light Mi- 
croscopy at ETH-Zentrum, the Zurich 
section of the Swiss Federal Institute 
of Technology, created the winner. 
After cross sectioning the leaves, 
Gebert stained them with three color- 
enhancing chemicals, arranged them 
under a Zeiss microscope that magni- 
fied them 16 times, and photographed 
his composition using instant film. 
Gebert says that he uses this tech- 


nique to prepare slides for students in | 


his microscopy courses—giving them 
an appreciation of nature's beauty 
and symmetry. 

Second prize in the color slide com- 


petition went to a Dutchman who pho- | 


tographed a live sea urchin in a petri 
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rhe light bar on 5-10 Baja is not a roll bar The support will not protect you in an accident. Chevrolet, the Chevrolet.emblem and S46 are registered 
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Chevy S-10 Baja 4x4, 4.3L V6. The biggest engine in a compact pickup. It's another 
reason more truck owners switched to Chevy last year than to any other truck* Chevy S-10 Baj 
4x4. Winning the hearts and minds of bona fide off-road enthusiasts. With more standard 
horsepower than Ford. More standard torque. Anytime you buckle in, it's a rush. 


| | 
More People Are Winning With = ы of America. TODAY'S TRUCK IS CHEVROLET. 
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This i$ what C@® ) looks like. 


(®) 15 the symbol for the new Sound Retrieval 
System that lets you experience true 3-D sound from 
two ordinary loudspeakers. Read that last sentence 


again. You probably still won't believe it. But it is real. 


In fact, c@> won the Grand Award for Audio Tech- 
nology in the "Best of What's New", Popular Science, 
December, 1989. 

Until now the quest for life-like 3-D sound has 
involved ever more sophisticated, complicated and 
expensive arrays of hardware. 

Until now. Because the engineers at Hughes 
Aircraft Company began asking some new questions 
about sound itself. Instead of concentrating on 
hardware, they analyzed the way the ear processes 
sound. They discovered that the subtle restoration of 
certain frequencies in recorded audio can duplicate the 
way your ears locate sound. Ah ha! 

Then they fiddled around with their new techno- 
logy until they not only perfected it, they made it 
affordable for commercial applications. 

To experience the uncanny realism of this new 
kind of sound is... well, uncanny. You can get up and 
walk around the room and the sound image doesn't 
change. You don't have to stay in the "sweet spot" 
created by delay arrays and surround-type matrices. 


And you won't find the “hot spots” you get with multi- 


ple speaker arrays. Will «<® replace all those speakers? 
Len Feldman, in the September 1989 issue of Radio 
Electronics wrote, "The demonstration was so dramatic 
and effective that people couldn't help but look for 
additional hidden speakers." 

So forget expensive surround-type speaker 
matrices. You don't need to buy a roomful of speakers 
and sacrifice a lot of square feet of living space to house 
them. All you need is (®). 

We'll bet you're still skeptical, and will be until you 
actually hear (®) for yourself. Which you can, today, 
on Sony TV sets. Imagine that. You can buy a Sony TV 
with built-in sound that will make you want to throw 
rocks at your stereo system. Several other major 
electronics companies are poised to announce ( 6 > 
on their products. 

So, when you do look for your new audio system, 


look for СФ). 


Subsidiary of 
GM Hughes Electronics 


For more information, contact Hughes Microelectronic Systems Division, Audio Product Line, PO. Box 7000, Rancho Santa Margarita, CA 92688. (® is a trademark of Hughes Aircraft Company. © 1990 
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rocks. More than 250 photographers 
| from 18 countries entered the contest. 


Tornado trackers 


After considerable delays, the first 
two NEXRAD (next generation) ra- 
dars are finally operating in Norman, 
Okla. One is housed at the NEXRAD 
Operations Support Facility, which 
will eventually be the hub of a nation- 
al network consisting of about 130 in- 
dividual NEXRADs, expected to be in- 
stalled by 1995. The second is at the 
nearby regional National Weather 
Service office. 

A NEXRAD radar would have de- 
tected the killer tornado that tore 
through Plainfield, Ill, on Aug. 28, 
says the assistant meteorologist in 
charge of the local weather bureau. 
| But the tornado didn’t show up on his 
weather displays, even though the lo- 


cal radar system was functioning prop- | 


erly and the twister was well within 
its scanning range. 

Conventional radars, including the 
Illinois system, detect a storm’s pres- 
ence by bouncing beams off objects 


dish—showing the sharp teeth the 
urchin uses to scrape algae from 


such as raindrops, but these radars 
can't provide detailed information 
about turbulence within a storm—the 
sort of information that helps meteo- 
rologists gauge the storm's severity. 
Doppler radars can detect internal 
motion, but most of the Doppler sys- 


tems now in use—such as the 1978- | 
vintage system operating near Plain- | 


field—are relatively unsophisticated 
add-ons to conventional radar. 
NEXRADSs are more sensitive than 


current Doppler radar systems, and . 


they feed weather data to special com- 
puter programs that create displays 
meteorologists can easily interpret. 


North Pole hole? 


Scientists have suspected that the 
Arctic ozone layer is thinning, and 
now they have proof: An analysis of 
measurements made from a modified 
U-2 spy plane almost two years ago 
shows ozone losses ranging from 12 to 
35 percent. Researchers took the mea- 
surements during 14 flights between 
Norway and the North Pole. 

Michael Proffitt of the University of 
Colorado at Boulder, principal author 
of the study, reports that he and fellow 


researchers also found a correlation 
between ozone depletion and chlorine 
monoxide, suggesting that human- 
made chlorofluorocarbons might be 
responsible for the ozone thinning. 
"What we have found is certainly 
not an ozone hole in the sense of what 
we found in the Antarctic," says Prof- 
fitt. Because of differences in weather 
patterns, ozone depletion over the 
South Pole is more severe. But the 
Arctic ozone loss is troubling nonethe- 
less. “Air that is somewhat depleted of 
ozone in the polar regions returns to 
the more populated areas of the 
globe,” Proffitt says. “That’s one rea- 
son why we have to be concerned 
about what happens in the practically 
uninhabited polar regions." 


Water wall 


In preparation for the 1992 summer 
Olympic games, workers are instal- 
ling submerged metal plates designed | 
to protect Barcelona's waterfront from 
drifting sewage. The plate system 
costs 30 to 50 percent less than a con- 
ventional sea wall, claims Eiffel Con- 
struction Metallique, the French com- 
pany that patented it. The concealed | 


system is also desirable for aesthetic 
reasons, the company says. 

The plates, which are placed on legs 
that elevate them to within six feet of 
the water's surface, deflect ocean 


swells, creating an oscillating wall of 
water that reduces the effects of in- 
coming waves. A similar system was 
developed to protect Monaco's harbor 


from erosion. lS | 


In fact, the E57 is so full of features, yet so fully automatic, it can turn 


any moment into breathtaking video. 
- Its 10x power zoom lens gets you in close when you're far away. 
< 2 Itcomes with an attachable videolight for beautiful color rendition 
22 while shooting in low light situations. The 180° FlexiGrip” lets you 
mem catch action from hard-to-reach angles. And Canon's expert lens 
crafting means sharp, brilliant color images every time. 

It even has a wireless remote so recording and playback are 
more convenient. 
Make your video moments more breathtaking. Visit vour Canon 
dealer and check out the new Canon E57 8mm camcorder. 


Canovision 8 
We know what it takes to make great video. 


Enjoy вазу Extended payments with rhe Ganon Credit Card 
Ask for detads at participating Canon dealers and retailers Available only in U 5 
& 1890 Canon US А. Inc 

Canon 5 A Опе Canon Plaza Lake Success. NY 


Workers prepare to 
lower a large metal 
plate (above) into 
the water at a 
construction site near 
Marseille, France. In 
a typical installation 
(left), plates lined up 
parallel to the shore 
deflect incoming 
waves by creating an 
oscillating wall of 
water. A standard 
plate is about 79 
feet long and 52 

feet wide. 
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It can see in the dark. And attack without being seen. Laser tracking and targeting technology. Avionics systems 
Rain or shine, it can strike like lightning. Its fast, mean, ^ unequalled anywhere in the world. 


and smart. he Army can train you to repair and maintain those sys- 
But the Apache attack helicopter doesn't fly by itself. tems—important skills that can en you get an edge on life. 
It needs trained experts to keep it at its most ferocious. So talk to your Army recruiter. Or call I-800-USA-ARM Y. 
You can be one of those experts. —— And find out how you can get under the skin of an Apache. 
If you're interested in electronics, there’ a lot inside an Once you've seen whats inside, you'll be glad it’s on 


Apache to challenge you: Infrared night vision sensors. your side. 


ARMY. BE ALL YOU CAN BE. 


| more—has been invented by Dr. 


| 


Automotive Newsfront 


By DAN McCOSH. with Norman S. Mayersohn, Dennis Normile 


in Tokyo, and David Scott in London 


Drive-by pollution detector 


sniffing out the small percentage of 


vehicles on the road that contributes | 


the most to air pollution is much clos- 
er to becoming a reality. A remote car- 
bon monoxide sensor that analyzes 


the tailpipe gases of cars as they drive | 


by—even at speeds of 60 mph or 


Donald H. Stedman, a chemistry 
professor at the University of 
Denver. 

Still in the prototype stage, 
Stedman's device is capable of 
checking the exhaust emissions of 
up to 1,000 cars per hour using a 
beam of infrared light aimed across a 
single lane of traffic. According to 
Stedman, the remote sensor will help 
pinpoint gross polluters, the 10 per- 
cent of all cars that produces half of 
all the carbon monoxide emissions at- 
tributable to motor vehicles. Based on 
his studies in Denver, the bulk of 
those dirty-running cars were built in 
1982 or earlier. 

The applications for this unit are 
easy enough to imagine. Cities hard 
pressed to meet EPA air-quality stan- 
dards could monitor high-traffic road- 
ways using Stedman's sniffer, which 


| ! 
The remote emissions dete 


ctor (bottom) uses - infrared beam to 
record the identity of gross polluters and enforce legal compliance. 


The flat-road test bench 

will enable Mercedes-Benz de- 
velopment engineers to duplicate 
road conditions inside the labora- 
tory more accurately. 


would be linked to a video camera 
that reads license plate numbers. Car 
owners would be informed that by a 
set date they must bring in the car 
for state-approved testing to verify 
compliance. 

In use, the remote sensor system 
shines a beam of infrared light at an 
infrared detector across the traffic 
lane. When a car's tires cross the 
beam, the system is alerted to take a 
reading of the voltage at the photovol- 
taic infrared de- 
tector. As the car 
passes, the infra- 
red energy is part- 
ly absorbed by the 
carbon monoxide 
in the exhaust; the 
computer portion 
of the sniffer cal- 
culates the pollu- 
tant level from the 
resulting voltage 
drop at the sensor. 

Compliance with 
emissions laws is 
almost 100 per- 
cent when a vehi- 
cle is new, but 
what happens to 
the level of ex- 
haust gases once 
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the car has been driven, tuned, or 
modified by owners over the next few 
years is less certain. Exhaust pollu- 
tants from new cars have been cut 95 
percent or more since the era of emis- 


| sion controls began in 1968, and it's a 


safe bet that upcoming EPA regula- 
tions will continue to improve this 
record. 


The indoor test track 


No matter how powerful supercomput- 
ers will become or how sophisticated 


the development software should get, | 
the final shakedown of any new-model | 
automobile will always include thou- | 


sands of miles of driving in real-world 
conditions. Not all of that roadwork 
needs to take place out at the proving 
grounds though. A new flat-road test 
bench will enable Mercedes-Benz en- 
gineers to continue their work indoors 
at the Untertürkheim development 
center in Germany when rain, snow, 
and the gloom of night threaten to 
slow down the process. 

The engineering centers of every 
automobile company have long been 


equipped with special devices to com- | 


press the development time of new 
cars, of course. Elaborate systems of 
hydraulic cylinders cycle suspensions 
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Prepare to be 
impressed. 


The 1991 Caprice is 
designed to ride as great 
as it looks. From the 
drawing board on, it was 
planned with your 
comfort and security in 
mind. It contains more 
standard features than 


carbon steel. The 
passenger compartment 
has a rigid cage structure 
and the doors are rein- 
forced with side-guard 


WE 
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Caprices advanced four- 
wheel anti-lock braking 
system (ABS). 

It's engineered to help 
you stay in control and 
steer on slick pavement 
by automatically adjust- 
ing your brake pressure 
up to 15 times a second. 


A drivers-side | 
oupplemental Inflatable 
Restraint System is 
also standard on every 
Caprice. This “air bag" is 
Hesigned to inflate in 
nigher-speed frontal 
crashes and can provide 
restraint in addition to 


© 


the lap and shoulder 
safety belt. 

The traditional road- 
car ride of V8-powered 
rear-wheel drive is 
standard too. Along with 
many other features 
designed for security 
and comfort. 

Of course the best way 
to appreciate any design 
is to see it for yourself. 
That's why we invite you 
to test drive the impres- 
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sive 1991 Chevrolet. 
Caprice today. And come 
to your own beautiful 
conclusions. 
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through 24-hour-a-day torture regi- 
mens, and drive trains churn away 
hour after hour on rollers pro- 
grammed to provide loads that simu- 
late hill climbing and trailer towing. 
These devices can accumulate data 5 
to 10 times as fast as using the test 
track, but they are limited in their 
ability to replicate actual roadway 


| conditions. The torture racks can’t ac- 


curately account for the effects of var- 
ious wheel-tire combinations; the 
roller systems distort tires unnatu- 


| rally because their curved faces don’t 
| duplicate road surfaces well. The 


road-surface area of the test bench 
shown on page 23, though, is akin to 


| a mammoth belt sander, with the ve- 


hicle’s tires resting on a wide steel 
band that passes around two electri- 


cally driven rotating drums. Directly 
under the tire contact point, the band 
is supported by a cushion of high-pres- 
sure air. 

Today a two-wheel test bench with 
a 120-mph capability is in operation, 
but by 1992 a four-wheel 150-mph fa- 
cility will be completed. 

Running the car up to high speeds 
while it remains stationary offers en- 
gineers the chance to study a number 
of dynamic conditions. All aspects of 
steering action can be perfected early 
in the development stage, alignment 
changes with suspension movement 
can be read optically, and tire perfor- 
mance can be evaluated as the car 
gets closer to its final form. Provisions 
for the simultaneous monitoring of up 
to 64 sensors help engineers pinpoint 


SMOOTHER, QUIETER TERCEL 


The latest all-new Toyota is the striking 
Tercel subcompact, which now adopts the 
well-rounded styling theme already in 
place on the Previa, Celica, and MR2. 
Upgrades to Toyota's entry-level car are 
dimensional and mechanical, starting with 
a body 4"2 inches longer and 1"2 inches 
wider than the old model. The expanded 
dimensions of the new car mean real 
headroom for adults sitting in the rear 
seat. The interior is not only larger, but has 
also taken several steps upward in mate- 
rial quality, fit, and finish. 

The 1991 version of the 12-valve single- 
overhead-cam engine has been improved 
with electronic fuel injection and has a rat- 
ing of 82 hp at 5,200 rpm (versus 78 hp pre- 


| viously) and 90 pound-feet 
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of torque at 4,400 rpm. 
Chassis improvements 
abound. The front brakes 
are now ventilated discs, to cope with heat 
buildup better. The MacPherson-strut sus- 
pension has been fine tuned for a smooth- 
er, quieter ride and less body roll in corn- 
ers. Steering effort has been decreased 
and steering feel improved by changes to 
the wheel alignment and by increasing the 
length of the steering arms. The rear 
MacPherson-strut torsion-beam suspen- 
sion has been retained and retuned, with 
struts relocated directly over the 
axle centerline for sharper 
p 
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cornering and a smoother ride. The steer- 
ing and braking efforts for the Tercel are 
pleasantly minimized (with optional power 
steering). 

More than 80 percent of the body is two- 
sided galvanized steel for corrosion pro- 
tection, and all door, hood, fender, and | 
deck lid gaps have been tightened up. A 
new sandwich-type insulation material, 
borrowed from the Camry and Cressida 
models, is used on the Tercel's fire wall, 
wheel housings, instrument panel, and 
floor areas to isolate noise. 

Inside there's a smaller-diameter steer- 
ing wheel and a curvaceous, deeply hood- 
ed instrument pod that carries basic gaug- 
es. Controls for the heater and (optional) 
air conditioner have been 
relocated; with four round 
instrument-panel vents, 
the system moves a lot 
more air than the last-generation Tercel. 

We found the new Tercel to be com- 
petent and comfortable, and perhaps the 
quietest car in this class. The power of the 
1.5-liter engine isn't going to take your 
breath away, but it has a lot of guts, and 
it's smoother and quieter than ever. Toyota 
projects that the EPA ratings will be about 
the same as the current car, 29 city, 32 
highway.—4Jim McCraw 
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A superinsulated tank stores liquid hydrogen 
for the experimental Nissan 300ZX. 


areas on the body or interior panels 
that might resonate when excited by 
vibrations that appear in the car only 
at high speeds. 


| Sports «ar goes environmental 


"If we had liquid hydrogen in the | 
tank, this pump would be coated with | 


ice," says Dr. Shoichi Furuhama as he 
shows off the Nissan 300ZX he and 
his colleagues at the Musashi Insti- 
tute of Technology in Tokyo have fit- 
ted to run on liquid hydrogen. 


Practically the entire space under | 


the hatchback of the sports car is tak- 
en up by a superinsulated, spheroidal 
tank—superinsulated to maintain liq- 
uid hydrogen's cryogenic temperature 
and spheroidal to withstand the vacu- 
um within. The pump is to one side of 
the tank; it doesn't quite fit into the 
space. À special hump had to be fitted 
into the hatchback glass. Around 
front, the normal Z engine has been 
replaced with a modified Nissan 
three-liter diesel. 
The car was being run to show 
potential students what types of 
research are going on at the in- 
| stitute. But due to the logisti- 
cal problems of getting small 


car was running on com- 
pressed hydrogen gas. 

As an alternative to gasoline, 
liquid hydrogen is appealing 
[^Clean-Air Fuels for the '90s," 
Jan.]. It is cheap and abundant, 


orders of liquid hydrogen, the | 


and, most importantly, the only ve- | 


At Braun, we regard 
shaving as something you do 
for your face, rather than to it. 

Itis this attitude that 
inspired the design of the 
Braun three position switch. 
Position One activates the 
platinum-coated, micro-thin 
foil and cutterblock system, 


a combination that assures 


perfect smoothness, even in 
close contact with sensitive 
skin. Anything less compro- 
mises comfort. 

Position Two couples this 
cutting action with the trim- 
mer feature for grooming 
longer, awkward hairs on the 


- neck. And Position Three 


extends the trimmer head 
for precise visual control 


- when trimming sideburns 


or mustache. Anything less 
compromises closeness. 
Braun has become the 
number one selling foil 
shaver in the world because 


every design element has 
only one purpose: to give 
you the excellent shave your 
face deserves. 

Anything less is a com- 
promise, in every respect. 


Designed to perform better. 
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Sweden's SKF's innovative bearing design al- 
lows on-the-road tire-pressure adjustment. 


hicle emission would be water vapor. 
Unfortunately, formidable drawbacks 
| have limited hydrogen-powered vehi- 
| cles to just a few experimental rigs 
such as the Musashi-8. 

One of the major problems has 
been the difficulty of controlling the 
| ignition, Furuhama explains. Early 
models were prone to backfire. But 
he claims they have solved this prob- 


lem in their latest experimental car, | 


the institute's eighth. In previous 
models, the hydrogen was injected 
into the airstream before passing 
through the intake valve. Ignition 
was triggered by a glow-bulb heater, 
as in most diesels. In the latest ver- 
sion, the hydrogen is injected under 
high pressure directly into the com- 
bustion chamber. Ignition is started 
by a spark plug with the timing con- 
trolled by a microprocessor. 
"Hydrogen takes a spark easily," 
Furuhama says with no trace of irony. 
Hydrogen's easy flammability has 
been a safety concern since the Hin- 
denburg airship burst into flames in 


Lakehurst, N.J., in 1937, killing 36 | 


passengers and crew. Furuhama says 
that with proper precautions, hydro- 
gen can be used safely. "In more than 
twenty years of work with hydrogen 
here, we have not had a single acci- 
dent," he says. 

Satisfied with the engine, for the 
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moment, Furuhama's next improve- 
ments will center on the tank and the 
pump. The present tank loses five per- 
cent of its hydrogen every day to evap- 
oration. Furuhama would like to get it 
down to one to two percent. What is 
needed for wider use of the technology, 
Furuhama thinks, is greater aware- 
ness of the global-warming crisis. 


| The pressure is on 


Tire pressure varied by an instru- 
ment-panel-mounted selector accord- 
ing to driving conditions or to match 
the load to suspension stiffness could 
be the next step in improved adhe- 
sion, comfort, and ride control. That's 
the aim of SKF, which has developed a 
wheel bearing that incorporates an air 
passage to connect a fixed compressor 
and pressure relief valve to a rotating 
wheel and tire. 
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The Opel Calibra reflects General Motors’ 

aggressive grand plan for Europe. The 

Stunning coupe is a low-volume niche car 

aimed at burnishing the corporate image 

for a minimal outlay. Using the chassis 
platform of the Opel Vectra, GM has re- 
vived the European sporty coupe following 

a Japanese onslaught that terminated the 

likes of the old Ford Capri, Renault Fuego, 

and Alfa Romeo Sprint. 

The front-drive two-liter 

Calibra is an easy match 

in all departments for the 

Honda Prelude, Nissan 2405X, Toyota 
| Celica, and Mitsubishi Eclipse. 

Its big talking points have already been 
reported in these pages: a full four-seater 
body, not a 242; a coefficient of drag of 
0.26, for the lowest drag rating of any pro- 
duction car; standard four-channel antilock 
brakes; and a range-topping four-wheel- 
drive model. Coming later: a convertible. 


CALIBRA COMING? 


With these bearings fitted to each 
wheel you can soften the tires for 
greater traction on snow, sand, or soft 
ground, then restore normal inflation 
for safe highway driving. Tire pres- 
sure is constantly monitored, and low- 
ered to offset heat expansion during 
long high-speed runs or increased to 
counter slow leaks. This system might 


| eventually be integrated with semi-ac- 


tive suspensions having variable-rate 
gas springs, electronically controlled 
shock absorbers, or self-leveling equip- 
ment to vary tire pressure automati- 
cally according to road conditions. The 


system works by allowing air pressure | 
to flow into or out of the fixed outer | 


race and the moving inner one. Air- 
tight sealing between the two races is 
the critical element and is accom- 
plished with a synthetic rubber ring 


| 
| 


bonded to a circular metal frame | 


joined to the outer race. A pair of | 


=" 
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| tested the hot 16-valve 150-hp version 


on a circuit of French Alpine roads above 
Monaco. Climbing smartly through count- 
less hairpins, the car rewards enthusiastic 
driving with near-flat grip on tight bends 
and brisk acceleration out of them. Despite 
the firmish suspension, its ride on the odd 
rough surface is surprisingly smooth. | 
clocked O to 60 mph at just over eight 
seconds on a straight 
stretch of Autoroute, and 
the claimed 139-mph top 
speed seems plausible. 
Once rumored to be a replacement for 
the Chevrolet Camaro/Pontiac Firebird, the 
Calibra may get a chance of its own in the 
States. After GM's linkup with Saab, it was 


announced that Calibra production would 


begin at a Saab plant in Valmet, Finland. 
With some luck, whatever units don't get 
scooped up in Europe might find their way 
to the United States.— David Scott 


With This Realistic 8-1 Zoom MovieCorder® 


You can capture all the sights, sounds and magic of 
special occasions with this full-size VHS camcorder by 
Realistic. Just drop in a tape, then point and shoot. The 
Model 102 automatically adjusts focus, color and expo- 
sure to give you consistently clear pictures with true-to-life 
color. Its 2-lux low-light sensitivity lets you shoot even in 
candlelight. And its flying erase head ensures seamless 
cuts between scenes when shooting or editing. Special 
features for creative video-making include fade-in/out 
and a built-in titler. And accessories, like a hard carry case 
and 10-watt video light, are included. 

Don't let the precious moments slip away — keep your 
memories alive on videotape with the Realistic Model 
102, available at Radio Shack. 
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[ HONDA: RISING POWER IN SOLAR RACING 


springs compresses the seal against 
the moving surface of the inner race, 
which sits in the wheel hub. An air 
hole provides an opening for a channel 
cut in the splined stub axle. Pressur- 


ized air then reaches a cavity around - 


the axle nut and finally the tire via a 
passage drilled in the wheel disc to 
the rim. 

. The system uses a specially formu- 
lated low-friction sealing material that 
is necessary for minimizing the wheel's 
rotational drag and wear. The compa- 
ny sees the first application in expen- 
sive cars that are already equipped 
with an engine-driven air compressor 
for sophisticated suspension systems, 
though economy models might make 
do with just a high-pressure reservoir 
filled periodically by an air pump at 
the gas stations. 


Diesel-electric VW 
The Volkswagen Golf looked normal 


enough to our correspondent in Lon- | 


don, but under the hood were two 
power sources—a diesel and an elec- 
tric motor. David Scott filed this sum- 
mary of his drive in this unusual hy- 
brid at a British demonstration: 
^What a strange experience. Open- 
ing the door I hear a muffled whine 
for a few moments. I twist the starter 
key, but nothing seems to happen. 
There's no clutch pedal, and I hesi- 
tantly stick-shift the semi-automatic 
gearbox into first. À cranking start- 


DIESEL ENGINE — 


ELECTRIC MOTOR UNIT 


Already a world champion in two-wheel 
and four-wheel motor sports, Honda 
switches to a three-wheel layout (two front, 
one rear) for its newest racing effort. A 
team from Honda R&D Co., Ltd., is taking 
up November's 1990 World Solar Chal- 
lenge from Darwin to Adelaide, Australia, 
with a car similar in shape to the General 
Motors Sunraycer, though somewhat lean- 
er. GM will not contest this event itself, in- 
| stead it is sponsoring the top three finish- 
ers of last July's Sunrayce USA [“Ѕип 
Racers," Aug.]. 

The Honda entry is nearly a foot shorter 
and 90 pounds lighter than the GM solar 
car that won the first trans-Australia race. 
The Honda's solar array utilizes sin- 
gle-crystal silicon cells with a to- 
tal output of 1.4 kilowatts; 
power is stored in silver- 


er motor breaks 
the silence, followed by the hushed 
clatter of an idling diesel. 

“I squeeze the throttle, and we 
move off smoothly and accelerate 


| briskly up through the gears to twen- 


ty-five miles per hour, when I lift my 
foot. Instantly the engine stops, but 
we roll quietly up to thirty miles per 
hour as I gently squeeze the pedal 
again. We have gone electric. Want- 


| ing more surge, I jab the accelerator, 


and immediately the diesel restarts 
and takes over. Now I brake to a halt, 
and as I shift to neutral the engine 


BATTERY PACK 


JANA BRENNING 


TRANSMISSION 


This hybrid drive design packs a slim 2.3-inch-wide electric motor (top) into the area normally occu- 
pied by the clutch and flywheel of the Volkswagen Golf’s diesel engine. 
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| night recharge. 


zinc batteries. The DC motor peaks at 4.5 
kilowatts of power delivery, good for a top 
speed of 75 mph. In contrast, the GM Sun- 
raycer carried gallium arsenide solar cells, 
had a 7.5-kilowatt motor, and a top speed | 
of 82 mph. 

With 40 entries expected (10 from the 
United States) and three years of develop- 
ment time since the last Solar Challenge, 
the Australian race promises to be the 
world's premier event for sun-powered 
cars.—Norman S. Mayersohn 


stops automati- 
cally. It's an uncan- 
ny driving sequence." 
The big advantages of 
this hybrid are near-silent 
and low-pollution driving in city 
traffic, where fuel consumption can 
stretch to 95 mpg due to little need for 
the engine. But unlike electric cars, 
on the open road there's no range lim- 
it with diesel power, and top speed is 
94 mph. The Volkswagen design, 
which has been much refined since 
the project started three years ago 
[“ANF,” Oct. '87], is now in limited | 
production for environmental re- 
search in Switzerland and ready for 
immediate volume manufacture. 

The heart of the system is an ultra- 
slim 2.3-inch-wide electric motor unit 
flanked by two clutches bolted to the 
rotor and sandwiched between the 
transverse engine and its end-on 
gearbox. The ingenious eight-horse- 
power device is not only for propul- 
sion, but replaces both the engine fly- 
wheel and starter and doubles as an | 
alternator for regenerative braking. 
Developed by Robert Bosch GmbH in 
Germany, its different functions are 
electronically controlled, while the 
two clutches operate by a micro- 
switch in the gearshift knob. Power is 
from a suitcase-sized 72-volt battery 
pack carried in the trunk. This pro- 
vides an electric range of 28 unaided 
city miles before needing an over- 


[НЕ WORLDS “BEST KNIFE MAKER” CREATES 


A VIKING 
MASTERPIECE 


AVROUGHT OF TEMPERED STEEL. 24 KARAT GOLD. 
STERLING SILVER. HAND-SET CRYSTAL CABOCHONS. 


oid Birt, acknowledged the world's best knife maker and 
"winner of the prestigious Beretta Award, captures the 
Oold, adventurous spirit of the ancient Norsemen. 

Experience the power of THE VIKING KNIFE. A 
supreme work of Viking art. Wrought of tempered steel. 
Ablaze with gold and silver electroplate. 

The sculptured pommel portrays the Viking dragon. 
The grip is elegantly crafted of simulated ivory and richly 
savished with authentic Viking ornamentation. The ser- 
oentine designs on the blade guard are reminiscent of the 
yellinge style. 

To preserve and protect your imported Viking Knife, 

the locking hardwood and 
SSS glass presentation Case is in- 
cluded at no additional. T 
charge. —— oe Le) 

Only from The Franklin 
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dhe Franklin Mint 
;ranklin Center, Pennsylvania 19091 
ses! I wish to experience the power— and the beauty — ALAN A , 
Ane FEE TUA t Sas NEN 27А S ںا‎ signature 
f The Viking Knife created by the world's "Best Knife САУ ! | ALL ORDERS ARE SUBJECT TO ACCEFTANCI 
slaker,’ Sid Birt. (АА V 
Е | Я ; ГА wr o Name 
No payment is required now. When my imported УЉА “й PLEASE PRINT CLEARLY 


Please mail by December 31, 1990. 


mife is ready to be sent to me, I will be billed for a 
æposit of $39.50* and then for the balance in 9 
monthly installments of $39.50* each, after shipment. Me *. a 

"Plus my state sales tax. T) p MN \ 5 11885-66 


Address 


City, State, Zip 


| mouse clicks and pull-down 
| menus later, President John F. 


| sible with the earliest Macs. 


| cent—sounds like a good tape 


Electronics Newsfront 


By JOHN FREE with Sandy Reed, Marcelle M. Soviero, and Dawn Stover 


Macs for the masses 


Lined up on a table for demon- 
strations are two of Apple Com- 
puter's new lower-cost Macin- 
toshes. One model is running 
Scholastic’s “Point of View,” a 
versatile time-line history pro- 
gram that exploits special audio 
features in the Macs. A few 


Kennedy's “Ask not what your 
country can do for you” inaugu- 
ral speech is audible. The ex- 
cerpt—complete with Boston ac- 


recording. 
Fancy audio outputs using 
special software have been fea- 


Now two of Apple’s newest mod- 
els have a sound-input feature. 
A supplied electret microphone 
lets you link voice messages to 
text, set up voice mail, use lan- 
guage programs that check pro- 
nunciation, and more. As you 
talk, graphics display a small 
loudspeaker emitting sound 
waves. A sliding scale registers 
10 seconds of speech. 

While the sound feature is intrigu- 
ing, the significant news from Apple is 
pricing. The two color-capable Macin- 
toshes plus an update of the original 
monochrome Mac are designed to 
compete with popular IBM models. 
Until now, Mac computers typically 
cost three or four times more than 
IBM PCs and their clones. 

Apple has re-engineered the Macin- 
toshes to achieve sharp price reduc- 
tions. Manufacturing costs have been 
reduced by circuit boards that have 
fewer but more-complex integrated 
circuits. The inside alterations are ac- 
companied by slimmer components 
with a subtle design change: slightly 
curved front panels on both the moni- 
tors and computers. 

The new bare-bones monochrome 
model, called the Classic, uses a 68000 
processor operating at 7.8 megahertz. 
It will compete with IBM PCs using 
80286 processors. The Classic’s street 
price, about 70 percent of the list price, 
should range from $700 to $1,000. 
(The prices mentioned below are also 
discounted.) A high-end Classic has 
two megabytes of random-access mem- 
ory (RAM) and a 40-megabyte hard 
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disk drive. The less-expensive Classic 


| has two megabytes of RAM and one 


microfloppy drive. For comparison, 
last September, Apple's SE model with 
two megabytes of RAM, a 40-megabyte 
hard disk drive, plus an extended key- 


and could be found for about $2,500 in 
some stores. 

Apples Macintosh LC (for lowest- 
cost color) model represents a big de- 
sign change for the company. The LC 
processor/disk drive looks like a small 
pizza box: It's 12.2 by 12.2 inches and 
a mere three inches high. Fully con- 


Lower-cost Apple Macin- 
tosh computer models in- 
dude the monochrome 
Classic (above left) and 
lisi (above right). The 
compact LC (left) has 
built-in color circuits that 
support two monitors. 
Apple plans to expand 
sales beyond its prof- 
itable but small niches, 
such as publishing, graph- 
ics design, and dassrooms. 


figured, the LC weighs in at 8.8 | 


pounds. The processor is a Motorola 
68020 running at 16 megahertz—a 
100 percent boost in system respon- 
siveness over both the SE and Clas- 


| sic. Apple says this compact model is 
board had a list price of about $3,600 | 


designed to compete with 80386SX- 
based IBM PCs. The LC comes with a 
keyboard. 

A two-megabyte model with a 40- 
megabyte hard disk drive and a mono- 
chrome monitor will cost less than 
$2,000, or approximately $2,200 with a 
12-inch monitor that delivers 256 col- | 
ors. (An optional memory card provides 
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Jobs for computer service technicians 
will almost double in the next 10 years, 
according to the latest Department of 
Labor projections. For you, that means 
unlimited opportunities for advance- 
ment, a new career, or even a com- 
puter service business of your own. 

But to succeed in computer service today, you need training— 
complete, practical training that gives you the confidence to service any 
brand of computer. You need NRI training. 

Only NRI—the leader in career-building, at-home electronics training 
for more than 75 years—gives you practical knowledge, hands-on skill, 
and real-world experience with a powerful AT-compatible computer you 
keep. Only NRI starts you with the basics, then builds your knowledge 
step by step until you have everything you need for a fast start as a 


us N pps computer service technician. 


2. Go beyond 
"book learning" 
to get true hands- 
on expenence 

NRI knows you learn better by 
doing. So NRI training works 
overtime to give you that 
invaluable practical experience. 
You first read about the subject, 
studying diagrams, schematics, and photos that make the subject even 
clearer. Then you do. You build, examine, remove, test, repair, replace. 


You discover for yourself the feel of the real thing, the confidence gained 
only with experience. 


3. Get inside | 
a powerful com- 
puter system | 


If you really want to get ahead 
in computer service, you have 
to get inside a state-of-the-art 
computer system. That's 

why NRI includes the 
powerful new West Coast 

1010 ES computer as the 
centerpiece of your ТА 
hands-on training. | 

As you build this Eg erg gg Р 1 КАШИ не аната 
fully ІВМ AT-com- е E 1 | | | \ 
patible micro from tA Wiek 
the keyboard up, 
performing key tests 
and demonstrations at each stage of assembly, you actually see for 
yourself how every section of your computer works. 

You assemble and test your computer's 101-key "intelligent" 
keyboard, install the power supply and 1.2 meg 514" floppy disk drive, 
then interface the high-resolution monitor. But that's not all. 

You go on to install a powerful 20 megabyte hard disk 
drive—today’ s most-wanted computer peripheral—included in your 
training to dramatically increase the data storage capacity of your 
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computer while giving you lightning«quick data access. 

By getting inside this powerful computer, you 

get the confidence-building, real-world experience 
you need to work with, troubleshoot, and service 

today's most widely used computer systems. 


A Make sure you've always got 
someone to turn to for help 


Throughout your NRI 
training, you've got the 
full support of your 
personal NRI instructor 
and the entire NRI 
technical staff. Always 
ready to answer your 
questions and help you if 
you should hit a snag, 
your instructors will 
make you feel as if 

—— you're in a classroom of 
one, giving you as much time and sonal a attention as you need. 


5. Step into a bright new future in 
computer service—start by ET for 
your FREE catalog today! 


Discover for yourself how easy NRI makes it to suc- T 
ceed in computer service. Send today for NRIs big, pi 
100-page, full-color catalog describing every 
aspect of NRI's one-of-a-kind computer training, 
as well as training in robotics, TV /video/audio 
servicing, electronic music technology, security 
electronics, and other growing high-tech 
career fields. 

If the coupon is missing, write to: NRI 
School of Electronics, McGraw-Hill Continuing 
Education Center, 4401 Connecticut Avenue, NW, Washington, DC 20008. 


AT & IBM are registered trademarks of International Business Machines Corp. 
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| McGraw-Hill Continuing Education Center | 
4401 Connecticut Avenue, NW, Washington, DC 20008 
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| Atranslucent disc spinning in a glass bub- 
| ble enables Texas Instruments’ OmniView 
to display 3-D computer graphics without 
the need for special glasses. You can 
move around the two-foot-diameter sphere 
and view the display from any angle. 
Texas Instruments’ laboratory prototype 
is being scaled up to larger displays. The 
company says the system would be useful 
for air traffic control, battle management, 
| medical imaging, modeling objects in 3-D, 
entertainment, education, and other areas. 
The discs spin at 600 rpm and can be dif- 
ferent sizes and shapes for a variety of dis- 
| play volumes. For the prototype, images 
are created and stored in a Sun work sta- 
tion. A low-power laser beam scans the 
disc in two directions, while synchroniza- 
tion between the laser and disc creates the 
third dimension. The display has a resolu- 
tion of 750 by 750 picture elements, which 
can be boosted by using multiple scanning 


32,000 colors.) Another plug-in card 
lets the LC run most Apple II software, 
although not Apple IIGS programs. 
The LC won't be available until late 
January. 

The third new computer, Apple's 
Macintosh IIsi, emphasizes addition- 


al video capabilities. Its initials stand | 


for sleek, integrated video. The IIsi 
uses a 68030 processor running at 20 
megahertz and will compete with 
80386-based IBM PCs. Built-in cir- 
cuits support not only the two moni- 
tors with which the Macintosh LCs 
operate, but also Apple’s existing 13- 
inch 16-color RGB monitor, its verti- 
cally oriented portrait-display moni- 
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MULTIPLANNER DISPLAY SURFACE 


JANA BRENNING 


systems. A full-color display is possible by 
mixing red, green, and blue lasers. 

Other so-called auto-stereoscopic dis- 
plays, which don't require glasses, have- 
been produced elsewhere. One creates 3- 
D images using a flexible mirror, but has a 
narrow viewing angle. Researchers at the 
Massachusetts Institute of Technology 
have produced rudimentary 3-D holograms 
by linking a supercomputer and laser- 
based optical system. This technique needs 
refinements to make it practical.—4J. F. 


tor, and color monitors from other 
manufacturers. 

A two-megabyte IIsi with a 40- 
megabyte hard drive, a 13-inch color 
monitor, and standard keyboard costs 
about $3,430. A similar system with 
five megabytes of memory and an 80- 
megabyte hard disk drive would cost 
about $4,000. This model has one ex- 
pansion slot that accepts either direct- 
slot plug-in cards, like the SE/30, or, 
with an adapter, the NuBus cards for 
the Mac II family. 

Apple claims there are few options 
on Macintoshes because they have 
built-in features that cost extra with 


IBM PCs and their clones. The much- 


| touted graphical user interface, for ex- 
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ample, means that you don't have to 


|| learn each new application from 


scratch. Most commands are dictated 
by the interface. And although IBM 
machines can now use Microsoft Win- 
dows 3.0 as a graphical interface, it 
doesn't work with all programs, Apple 
Says. 

Although Apple sees its new ma- 
chines as real bargains, the PC-buy- 
ing public may not agree. Many find a 
bare-bones PC setup is good enough. 
And a Mac—say, a Classic without 
color or a hard disk drive—is still 
more expensive than an IBM clone 
with color. 


If cutting prices doesn't expand Ap- | 


ples share of microcomputer sales, | 


don't be surprised if Apple licenses its 


technology to produce a family of Mac- | 


intosh clones. Sony and Apple have 
been negotiating over Sony's develop- 
ment of a notebook-sized Macintosh. 


Heat-resistant diskettes 
"This demonstrates the heat resistivity 


of the new S-RD Wide disk," said 
Shoichi Sakamoto, a senior engineer at 


Hitachi Maxells factory in Tsukuba, | 


Japan. "Let me put the S-RD Wide and 


a conventional disk in this oven. It's set | 


at 120 degrees centigrade." 

A minute later he removed the two 
disks. The conventional disk was no- 
ticeably warped, but the S-RD (super 
reliability and durability) Wide disk 


appeared to be unharmed. "Conven- 


tional three-and-a-half-inch floppy 
disk cartridges warp when the tem- 
perature goes beyond sixty degrees 


centigrade," said Kazuya Fukunaga, | 
another senior engineer. S-RD Wide | 


— 
——— 


S-RD Wide (center) withstands high heat. 


A standard disk (top) warps in heat. Maxell’s — 


Ў Accept No Limitations. 


A mountain climber caught 
forever halfway up the slope, 
frozen there by the Minolta 
Maxxum 7000/. Because 
camera and athlete were 
equal to the challenge. 

Here, Maxxums multi- 
pattern metering captured 
the full contrast between clim- 
ber and snow. While Maxxum s 
powerful telephoto zoom— 
one of over 30 autofocus 
lenses—spanned the distance 
between mountains. 

Put simply, Maxxum tech- 
nology can help you surmount 
any obstacle. With its un- 
matched autofocus system, the 
possibilities are as limitless as 
your imagination. 


MAXXUM 77O00160 


ONLY FROM THE MIND OF MINOLTA "m MINOLTA 


Today, А New Ford Is Pricet 
Tomorrow, its Worth More 
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*MSRP Ford F-150 XLT Lariat (auto. trans.) vs. comp. equipped Chevy C1500. **Complete Small Truck Cost Guide, 1990, iChoice* Inc. 
Resale Estimate for F-150 and C1500 base models with selected options. Actual oper. costs and resale prices may vary. “Best-Built” claim based 


Less Than A Chevy. 


Today, the price of a Ford F-150 pickup 
is less than that of a comparably-equipped 
Chevy But that's just the start of today’s 


value news. 


Ford Trucks. 
y Пе Best Never Rest. | 


Wc EEG TNT unity olio 


Tomorrow, you'll save on operating costs. 

An independent study predicts, over the 
next five years, the Ford pickup will cost 
less to maintain than the Chevy.** 
Tomorrow, you can sell a Ford for more. 

The study also predicts that the resale 
value of a 5-year old Ford will be higher 
than Chevy’s** 

Since the Ford also offers the biggest 
standard engine, biggest box and biggest 


(X UR a NIE 


XN maximum available payload in its class, it's 
Keser E 


5.8% clear: for real value—today and tomorrow 
р 


— the one to buy 1s Ford. 


Р MEI ' ume simam ~~ THE BEST-BUILT, BEST-SELLING AMERICAN TRUCKS 
on an average of consumer-reported problems in a series of surveys of all ARE BUILT FORD TOUGH 


"81-90 It. truck models designed and built in North America. Sales by Division. 


Computer processing of photos from NASA and other sources converts images into slightly different 
views for each eye. Special glasses then help merge the images, creating a 3-D illusion. 


disks, made from complex resins de- 
veloped by Maxell, are more resistant 
to warping and shrinkage. 

Maxell developed the new disks for 
use in automobiles, where tempera- 
ture and humidity vary more widely 
than in offices and homes. The disks 


Switch™ is a trademark of GNB Incorporated. A Pacific D 
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could replace more-expensive optical 
discs in Japanese car-navigation sys- 
tems. The first use will be keeping 


mileage records in rental cars. S-RD 


Wide disks will be available sometime 
next year, and they will cost more than 
standard S-RD disks. 


3-D space show 


Picture this. You're standing on the 
surface of the moon Io watching Jupiter 
come up over the horizon. Jupiter looks 
massive—and takes up about two-thirds 
of the screen. 

Welcome to StarShow, a 3-D adven- 
ture from New Orient Media of West 
Dundee, Ill., that makes you feel as if you 
are orbiting Jupiter or entering nebula. 

"The hardest part about giving space 
a third dimension is creating the im- 
agery, says Robert Cusick, general 
manager at Orient. "With regular 
three-D, you shoot two different pic- 
tures from two different perspectives, 
and you've got it. But you just can't go 
into space with two cameras thousands 
of miles apart to show depth—that had 
to be created." 

Slides from planetariums and NASA 
served as the initial images. They were 
processed by an Orient computer pro- 
gram that alters the views and creates 
two perspectives. “The computer spits 
out one view for your left eye and one 
for your right eye," says Cusick. Special 
3-D glasses with angled lenses help 
keep the views separate for each eye. 

An eight-minute show is being pro- 


vided for museum lobbies and in plan- 
etariums as a side show. Longer shows 
are in the works. “They are designed to 
be the main event," says Cusick. 


NeXT adds «olor 


"People told us our machines were too 
| slow, too expensive, didn't have enough 
applications, and had no color," said 
Steven Jobs, president and chief execu- 
tive officer of NeXT Inc. He spoke at 
the introduction of new models aimed 


at correcting the faults of NeXT's first | 


| model, unveiled some two years ago. 
The new computers use a Motorola 
68040 processor operating at 25 mega- 
hertz. Performance speed is 15 mips. 
The $4,995 monochrome NeXTstation 
has a 2.88-megabyte floppy drive and 
105-megabyte hard disk drive instead 
of the erasable optical disc of the first 
NeXT. A $7,995 model will feature 32- 
bit 1,120-by-832-pixel color capable of 
displaying some 16 million hues. 


Professional computer graphics 
software is becoming remarkably effec- 
tive at mimicking painting techniques 


* JE. п M giam Ire cti 


and equipment used by traditional art- 
ists. Gouache is a quick-drying, water- 
diluted paint that is used by some mod- 


ern artists. The first computerized | 


gouache brush is now available for Lu- 
mena, Time Arts Inc.’s paint package. 
The software requires a graphics digitiz- 
er tablet from Wacom, Inc. that features 
a pressure-sensitive electronic stylus. 
Graphics tablets used to *draw" in a 
computer's memory couldn't convey 
an artist's varying hand pressure un- 
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til Wacom's system, according to John 
Derry, creative services director for 
Time Arts. "Digital artists had to sim- 
ulate the appearance of variable- 
width strokes," he said. "This was 
done as an afterthought and lacked 
true spontaneity." 

Derry sketched a sample of the | 
gouache technique using Lumena (be- 
low). The new tool is one of many cre- 
ated for Time Arts' $2,500 to $4,000 
painting software. 85 


А pastoral scene cre- 
ated with computer- 
graphics software 
and hardware mim- 
ics watercolor, pas- 
tel, and oil-brush ef- 
fects on a video 
screen. The govache 
brush technique used 
here enables artists 
to simulate and con- 
ме n^ — 
a ing fime 
іа ituri 
parameters. 


ГЇ a quick getaway, start with а 
Champion? The Champion 700) S, 
pound for pound, the д. 
most powerful 

automotive battery 

you can buy The 

Champion SWITCH" Ё 

Is the battery with a 

spare. If its powerful, 

main battery ever goes dead, just ift the 


switch io the emer- 
gency reserve. And 
away you go. Call 
| 1-800-447-4700, 
Ext. 52 for your 
F nearest dealer. 


VHEN YOU JUST CAN'T WAIT 
mw. ТО GET STARTED! 
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Electronics Newsfront 


A CD PHOTO 


. ALBUM FOR 
YOUR TV OR 


By DAWN STOVER 


he world's photographers made more than 50 billion color ex- 

posures last year, according to the Eastman Kodak Co. What 

happened to all those pictures? Most of them were passed 

around a few times, then tossed into a drawer or stacked on 
a shelf. Some people found time to arrange their prints in photo al- 
bums. But what about the negatives? They're probably tucked 
away in shoe boxes in the attic. 

There's a better way for consumers to preserve, organize, and 
display their precious 35mm photographs and slides, Kodak says. 
In mid-September, the company demonstrated a new system that 
combines traditional silver-halide photography with electronic tech- 
nology. The system stores digitized film images on special gold-col- 
ored compact discs, called Photo CDs. Using a Photo CD player, 
which will play the new discs as well as standard audio CDs, con- 
sumers will be able to view their photographs on television sets or 
computer screens. 

"People love to see their pictures on TV," says William F. Fowble, 
group vice president of Kodak's Photographic Products Group. 
"Since the TV can be viewed by several people at once, it becomes 
an ideal way to share snapshots and memories.” 

|. Kodak's research shows that although consumers want to watch 
their photos on TV, they aren't willing to sacrifice the picture quality 
| they've come to expect from silver-halide photographs. That's why 
most people haven't traded in their film cameras for electronic 


Using Kodak Photo 
CDs, computer own- 
ers will be able to in- 
corporate high-quali- 
ty photographs in 
desktop publishing and 
multimedia presenta- 
tions. For example, an 
interior designer might 
photograph a room, 
then use a computer 
to change the colors 
and add furniture. 
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video-still cameras such as the Sony Mavica and Canon Xap Shot. 
These filmless cameras use silicon chips to capture images, but the 
sharpness of the images depends on the number of pixels—picture 
elements—crowded onto the chips. The resolution doesn't yet ap- 
proach that of a 35mm film image, which contains about 18 million 
grains of silver halide—each one acting as a pixel. 

Storing the information contained in one photograph takes as 
much computer memory as storing 10,000 pages of text. Although 
Kodak’s system will compress the 18 megabytes of information 
contained in each film image down to no more than six megabytes 
for storage on a Photo CD, the resolution will still be far better than 
the display capabilities of any existing television. “The resolution of 
photographs on Photo CDs is more than ten times that of today's 
electronic still-photography systems and four times that of the high- 
est standard being considered for HDTV," claims John P. White, 
vice president and general manager of Kodak's Integration and 
Systems Products Division. 

To use the Photo CD system, you'll continue taking pictures with 
your 35mm camera. "Millions of consumers already own the input 
devices," says Peter M. Palermo, Kodak vice president and general 
manager of the Consumer Imaging Division. But when you take 
your film to a photofinisher, you'll be able to order a disc instead of 
the slides or prints you normally receive. For a price "comfortably 
under $20," the photofinisher will process a roll of 24 pictures and 
“write” them on a Photo CD. You'll also get a numbered index print 
showing miniature pictures of all the images stored on the disc. You 
can bring the disc back to the photofinisher later to have more non- 
erasable pictures added—up to a total of 100 on each CD album. 
"Consumers will be able to combine prints and slides in the same 
disc album," says Palermo. 

The photofinisher loads negatives or slides into a film scanner, 
which converts the images into digital form and sends them to a 
specially configured Sun Microsystems SPARCstation computer for 
color corrections and data compression. From there, the data go 
to a disc-writing machine and to a thermal printer that produces the 
index prints. The system, which will cost photofinishers less than 
$100,000, can also be used to make reprints or enlargements from 
CDs, or to copy an entire CD. 

Kodak Photo CD players will cost $400 to $500 and will be manu- 
factured by Kodak's development partner, N.V. Philips of the 
Netherlands. A remote control will allow viewers to rotate images 
from horizontal to vertical, zoom in on part of a picture, watch im- 
ages in a particular sequence, and skip over unwanted pictures. 
The players won't be available until 1992, which will provide time 
for photofinishers to install new equipment and other manufacturers 
to license and develop the technology. 

Photo CDs can't be played by today's audio CD players, but they 
will work in Compact Disc Interactive (CD-I) machines, scheduled 
for introduction sometime in 1991, and in any personal computer 
equipped with a CD-ROM XA (extended architecture format) disc 
drive. The latter capability means computer owners will not only be 
able to view high-quality images on their monitors, but they will al- 
so be able to edit photos and insert them into computer-generated 
documents. 
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Traffic radar doesn't say which car is being clocked, it merely flashes a number. 
The radar NOR аы: must then wii d determine which vehicle дарасы us ima 


Why radar makes mistakes. 
How to protect yourself. 


Aithough nine different errors have 
been documented for traffic radar, 
the most common source of wrong- 
ful tickets is mistaken identity. 

It's hard to believe, but traffic 
radar does not identify which vehicle 
is responsible for the speed being 
displayed. It shows a number and 
nothing else. The radar operator 
must decide who is to blame. 

Traffic Radar Is Blind 

Traffic radar works differently 
from military, air-traffic-control, and 
weather radars. The others use rotat- 
ing dish antennas in order to track 
many objects simultaneously. 

Traffic radar uses a far smaller, far 
cheaper, antenna. This requires traffic 
radar to ignore all reflections but the 
strongest. The number displayed is 
the speed calculated from the stron- 
gest reflection. 

The Best Guess 

Remember, these reflections are 
invisible. Truck reflections can be ten 
times stronger then car reflections. 
How can the operator know for sure 
which vehicle is responsible for the 
number? 

The truth is, he can’t be sure in 
many cases. The result is mistaken 
identity. You can be ticketed for 
somebody else’s reflection. 


For our free engineering report "TRAFFIC RADAR: How it works, and why it gets wrong readings," call us toll-free 1-800-543-1608. 


Self Defense 

The only way to defend yourself 
against these wrongful tickets is to 
know when radar is operating near 
you. In his verdict upholding a 
citizen's right to use a radar detector, 
one judge wrote: 

"If government seeks to use clan- 
destine and furtive metbods to moni- 
tor citizen actions, it can ill afford to 
complain should tbe citizen insist on 
a metbod to effect bis rigbt to know be 
is under such surveillance.” 

We Can Help 

We specialize in radar warning. 
And PASSPORT, ESCORT, and SOLO 
do far more than simply find radar. 
Upon radar contact, the alert lamp 
responds and the meter shows radar 
signal strength. At the same time, you 
will hear an audio warning — pulsing 
slowly when the radar is weak, 
quicker as it strengthens, then con- 
stant as you approach close range. 
When you know exactly how strong 
the radar waves are, you'll know when 
the radar unit is near enough to 
actually have you under surveillance. 

Expert's Choice 

PASSPORT, ESCORT, and SOLO 
are the most advanced radar-warning 
instruments available. And the auto- 
motive experts agree. 


Car and Driver called PASSPORT 
“A terrific radar detector." When 
AutoWeek tried our cord-free SOLO, 
they "fell in love at first beep." And 
when BMW Roundel tested our new 
ESCORT, they concluded “Nothing 
else even comes close." 

We're as close as your phone 

We sell directly to you, and we 
guarantee your satisfaction. If you're 
not entirely satisfied within 30 days, 
return your purchase. We'll refund 
your money and shipping costs. 

To order, call toll-free. Orders in 
by 6:00 PM eastern time go out the 
same day by UPS. Overnight delivery 
by Federal Express is only $14.50. 

Call now, and the best defense 
against wrongful tickets can be in 
your car tomorrow. 


Order today — Call toll-free 


800-545-1608 


Call 24 hours, 7 days a week 
Major Credit Cards Accepted 


SOLO? sejf-Powered Radar Receiver 
$345 


ESCORT? The Perforinaiice Leader | 
$295 


PASSPORT? Over One Million Sold 
$195 


Ohio residents add 5.5% tax. Prices higher in Canada. 
Standard shipping and handling is $4.50 
or overnight delivery is available for $14.50. 


Cincinnati Microwave 
> Department 6016D0 
One Microwave Plaza 
Cincinnati, Ohio 45249 
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Snap-together fireplace 


A Danish company has recently 
brought a kit-fireplace-and-chimney 
idea to the United States that offers 
many advantages. Isokern is easy to 
assemble—and the finished fireplace 
is as efficient as a typical wood stove 
and costs less than conventional brick 


| or metal fireplaces. 


| managing director of Isokern U.S. |: 
Spadaro claims it can be fully com- 


"Assembly is easy enough for a do- | 


it-yourselfer, notes Carl Spadaro, 


pleted by two novices in a day, com- 


pared with three or four days for a | - 


masonry fireplace. 


lome Newsfront - 


By MARIETTE DiCHRISITINA 


The Isokern kit has 17 geometric | E С 


blocks comprising the main firebox; 
these are fit together using a high- 


temperature adhesive. All that's left. 


to finish the job is lining the firebox 
with firebrick and putting on the trim. 

The blocks are made from high- 
density pumice from Iceland's vol- 
cano Hekla. Unlike metal or brick, 
the pumice doesn't absorb heat and 
therefore won't rob it from your heat- 
ing area. Instead, the aggregate acts 
like an insulator (R-30) and reflects 
the heat into the room. This also pre- 


vents the formation of condensation 
that can lead to cracks in clay flue | - 
tile or metal lining. Because the. 


pumice already has been subjected to 
volcanic temperatures, it's considered 


more fire resistant than brick (which | 


can crack from too much heat) or 
metal. 


At about $2,000 for the kit—which 


includes 10 feet of chimney—and 
about $500 more for finishing materi- 


als, Isokern costs one-third less than 


having a conventional masonry fire- 
place installed, says Spadaro. Three 
sizes of firebox front—36, 42, and 48 
inches—are available. Isokern U.S., 
6196 Lake Gray Blvd., Suite 110, 
Jacksonville, Fla. 32244. 


Get rid of what bugs you 


Two new bug-stopping systems could 
help in the fight against the pests— 
while being less hazardous for people 
and pets. One is made with a conven- 
tional insecticide used a new way; the 
second uses corn mash to help make a 
toxic bait more appealing. 

Insecta Roach and Insect Control, 
the first, is said to use less insecticide 
than other products, and it makes a 
brave guarantee to rid homes of all 
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bugs for a year with one application. 

Its active ingredient, chlorpyrifos, is 
a common insecticide. The difference: 
“One of our scientists found that by 


breaking down this very effective and | 


normally toxic insecticide into 
microscopic crystals—and stabilizing 
the crystals in a special formulated 
coating—the insecticide would kill ev- 
ery bug it touched," says Patrick V. 
Quinlan, chairman of Insecta, Inc. 
"The insecticide is released only up- 


on direct contact with the insect, so it | 


lasts a long time," adds Bernard 
Greenberg, a professor of biological 
sciences at the University of Illinois at 
Chicago. People and pets cannot ab- 
sorb the chemical. Insecta Roach and 
Insect Control is applied to any area 


that doesn't directly contact food (but 


with Richard Cunningham and Marcelle M. Soviero = - a 


High-grade pumice helps Isokern deliver more heat to a room than : standard brick or meta М. 
The firebox and chimney (above) can be assembled by two novices in less than a day, it’s claimed. 


not fabrics or carpets) and dries to a 
clear film. The price: about $15 for a 
nine-ounce aerosol; $17 for a 16-ounce 
liquid version. Insecta, Inc., 12127B 
Galena Rd., Plano, Ill. 60545. 

The second bug stopper, called In- 
sect Control System, combines yellow 
corn mash and a water-absorbent gel 
to make an experimental toxic bait 
that attracts at least 15 different 
species of cockroaches. These ingredi- 
ents keep the bait moist and smelling 
delicious under the high tempera- 
tures and dry conditions that make 
the tenacious cockroach, rather like a 
human, hungry and thirsty. The bait 
was developed in a joint venture with 
Air Vent, Inc., of Peoria, Ш., and the 
U.S. Department of Agriculture. 

“Air Vent constructed a garage- 


THE OFFICIAL MILITARY ISSUE 
GENUINE LEATHER A-2 FLYING JACKET 


A Piece of American History. 

The A-2 Leather Flying Jacket is one of the most famous 
pieces of battle gear in history. During World War II, the 
brave pilots of the U.S. Army Air Forces relied on the A-2 for 
protection and comfort. Worn by the daring “Flying Tigers” 
who fought over China in their P-40 Warhawks. And Jimmy 
Doolittle’s B-25 bomber squadron that hit Tokyo in a 
daring carrier-launched raid. Lightweight and com- 
fortable yet “tough as nails,” the A-2 identified — 
its wearer as one of an elite, brave breed of 
fighting men. 


Genuine Military Issue. 
Not a Commercial Reproduction. 
Cooper Sportswear was an original supplier 

of the A-2's worn by America's World War II 
flying heroes. Now, after a 45-year retirement 
ин from active duty, the 

E U.S. Air Force has 
recommissioned the 


x, X. Doverameut contract 
Ff FM суйун MO PARTY: 
H pac manufacturer. Now, you 
: EES can own the very same jacket 
issued to U.S. Air Force pilots. 
Not a reproduction — tbís is the genuine article! 


Proudly Made in tbe U.S.A. 

The Cooper A-2 is made in the U.S.A. using materials 
and production methods specified by the U.S. Air Force. 
Premium hand stitched goatskin ensures EE - IN 
ruggedness and great looks. Knitted cuffs and E — 
waist band and a spun cotton-blend lining 
ensure draft-free comfort. Details include 
| regulation snap-down collar, shoulder 
epaulets, and roomy snap-close pockets. - 
` You'll also receive a certificate of authenticity stating that 
yours is the U.S. Air Force A-2. Battle-proven and built for 


long life, the Cooper A-2 actually gets better-looking MSS uiu Se FES es А i sa 
with age. | The actual jacket supplied 
Payable in Convenient Montbly Installments. ` to the United States Air Force 


The Cooper A-2 Leather Flying Jacket can be yours for just 
$249 (plus $7.50 shipping and handling) payable in six 
| convenient monthly installments of $42.75 charged to your 
credit card. Satisfaction guaranteed. If you are not delighted 
with your jacket, simply return it in original condition 
within 30 days for exchange or refund. 


Order today. Available in even sizes 34-52 regular and 
long. Call about larger sizes (to 60) available for $50 
more. (For best fit, order one size larger than your normal 
jacket size. ) 

Normal delivery on phone orders 4-8 business days. 


| CALL TOLL-FREE: 1-800-331-1858 NONE 
Willabee & Ward Satisfaction 
. 47 Richards Avenue Guaranteed 
Norwalk, Conn. 06857 | 
CALL TOLL-FREE: 1-800-331-1858 ^ Name —À 
| | Address 
|. Please send me Cooper A-2 Genuine Leather Flying Jackets. City/State/Zip 
| Size (Even sizes 34-52): .[] Regular Ll Long | 
Signature 


` (ALL ORDERS SUBJECT TO ACCEPTANCE) 


Charge each of 6 installments of $42.75* to my credit card. 


Г] Mastercard [] VISA (0 Discover [ Amer. Express [ ] Iprefer not to use a credit card and will pay by check. 


Enclosed is my check for $249 plus $7.50 shipping/ 
penn ت‎ ene ی ج‎ ы ыш ышы c Ae LEE handling, a total of $256.50*. 
| Credit Card # Exp. Date *Any applicable sales tax will be billed with shipment. 606-305 


We at Celestron take our optics 
seriously. For over 30 years 
we've been hand- pp 
crafting tele- | = 
scopes and сда 
optical equip- 
ment. 

spotting -— + 
scopes, like the “ЕЕЕ 
C90 (1000mm, f/11) pictured, 
deliver razor sharp images even 
in low light conditions. Brilliant 
viewing and camera adaptable 
too. Or our new 70mm fluorite 
(5570Р) model sure to become a 
favorite among birders worldwide. 

Discover Celestron’s full line 
of multi-coated binoculars — 
ranging from the pocket-size 
8x22 minis to a huge 100mm, 

14 power Giant binocular. 

All of our spotting scopes and 
binoculars come 
with a limited 
lifetime warranty. 

& Celestron... 

serious optics 
for those who 
take their hob- 
bies seriously. 

CELESTRON 

Celestron International 

2835 Columbia Street 

Torrance, California 90503, U.S.A. 

213/328-9560 800/421-1526 

FAX: 213/212-5835 
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Serious Optics 


Home Newsfront 
HANDS-FREE FAUCET 


With Thermatronic, you can regulate 
water-flow temperature and duration 
without touching anything. The wall- 
mounted microprocessor control panel 
has five light-emitting diodes, labeled 
HOT, WARM, COLD, and SHORT, LONG. Wave a 
hand above the unit, and it activates. Hold 
your hand over the infrared sensor, and 


the indicator lights cycle through the нот, 


Ü ^ 
i 
ым, А \ 


nin TAON " 
HEAD OR TAP) CABLE LOOM 


MANIFOLD PACK 


PRESET 
MIXING 
VALVES 


12-VOLT 
| X POWER 
FLOW-REGULATING VALVES Ñ SUPPLY 


MARIO FERRO 


sized building specifically to be infest- 
ed with cockroaches, and we installed 


| more than one hundred sensors to 
| monitor the temperature, humidity, 


and feeding habits of the cockroach- 
es," says Richard J. Brenner, an ento- 


| mologist at the Agricultural Research 


Science's Insects Affecting Man and 
Animals Research Laboratory in 
Gainesville, Fla. 

^Every sixty-two milliseconds the 
sensors checked the bait for feeding 
activity," says Brenner. "Since we 
found that moisture was very impor- 


| tant in inducing feeding, the bait re- 


tains moisture and releases aromatics 
that work from several feet away. We 


| think that's significant because most 


baits attract cockroaches from only a 
few centimeters." 


The Insect Control System also | 


works against grasshoppers, crickets, 


| and fire ants. Air Vent is still consid- 


ering mass production of the bait. 


Lower-mercury batteries 


| While contending that the type of 


mercury in alkaline batteries repre- 
sents a perceived rather than a real 


| environmental threat, manufacturers 


WARM, Or COLD and SHORT, then the HOT, 
WARM, Of COLD and LONG settings. Remove 
your hand to choose, and the water starts. 
The warm temperature is preset to 93 
degrees F by mixer valves between the 
hot and cold supply inlets. These three 
pipes feed into a manifold pack containing 
near-silent soft-closure solenoid valves 
operated by a control unit, which regulate 
outlet temperature. Flow duration is pre- 
set, with the SHORT variable lasting from 
8 to 12 seconds, and LONG, 8 to 12 min- 
utes. The automatic cut-off conserves wa- 
ter and thermal energy, but the flow can 
be stopped with a hand wave, and like- 
wise restored. Thermatronic also prevents | 
electric-shock hazards with a 12-volt DC | 
power supply. Ryemetal Forgings (Vic.) 
Pty. Ltd., Box 344, Dandenong, Victoria | 
3175, Australia—David Scott 


nonetheless have been striving for 
years to cut the amount of the heavy 
metal that they use. In what it calls 
its most significant step in reduction, 
Eveready recently introduced Ener- 
gizer and Conductor alkaline cells 
containing 0.025 percent mercury by 
weight (see "Best of What's New," 
this issue). 

The new batteries have the same 
performance, but contain 97 percent | 
less mercury than when alkalines 
were introduced in the 1970s, says 


| Eveready. "Alkaline batteries started 
| out with 0.8 percent by weight as mer- 
cury, says Terry Telzrow, Eveready's 


manager of standards and product 
safety. 

“The drive to go to alkaline cells 
was a need for a higher rate of current 
for tools and toys," says Telzrow. *But 
that only could be achieved with a 
greater surface area of zinc," a basic 
ingredient in alkalines. Powdered 
zinc, with about 1,000 times the sur- 
face area for the same weight, was | 
the answer. But it raised a problem: | 
Mercury traditionally has been added | 
to the surface of zinc to reduce zinc’s 
tendency to react with other battery | 
ingredients and generate gas. With | 


the increase in zinc surface, "The nor- 
mal protocol was to add more mercury 
to take care of it," says Telzrow. 

Eveready's mercury-reduction work 
began in the early 1980s. “Tests done 
in the United States, Europe, and 
Japan showed that disposal of bat- 
teries in landfills was not a problem 
because we used metallic mercury— 
which is not readily soluble and did 
not leach. However, environmental- 
ists were still concerned," recalls Tel- 
zrow. "That began to make sense to 
us. There's no question that mercury 
is an active heavy metal. So why not 
take it out? 

"But you still have to put something 
on the zinc to reduce its propensity to 
gas," notes Telzrow. “We cut the mer- 
cury in steps, from 0.8 to 0.5 to 0.3 to 


0.2, and now 0.025. Each one of these | 


had a different gas-inhibiting proto- 


| col," he says. “We now have an organic | 
material that's sometimes used as a 


food additive—so we feel it's safe and 
environmentally benign." 
To reduce the mercury further, Ev- 


| eready uses highly purified materials. 


"This makes the product more expen- 
sive, but we are not passing that on to 
the consumer," notes Telzrow. 

Other companies now sell lower 
mercury batteries. Rayovac also sells 
a 0.025-percent mercury battery. 
Panasonic has a 0.1-percent mercury 
battery and plans to introduce a 
0.025-percent version in January. 

Several states are considering legis- 
lation on these disposables. Alkalines 
must be at 0.025-percent mercury to 
be sold in Minnesota after Feb. 1, 


1992. “We are working toward a zero- | 


mercury alkaline," says Telzrow. That 
may not appear in the immediate fu- 
ture. "Below 0.025 percent mercury, 
its extremely difficult to keep the 
same performance." 


Conservation info mart 


* With icy winter approaching, the 
Conservation and Renewable Energy 
Inquiry and Referral Service is offer- 
ing free fact sheets on ways to reduce 


your heating bills. Leaky windows | 


and doors can account for 30 to 40 
percent of heat loss in homes that 
have not been weatherized. “Caulking 
and Weatherstripping" (FS203) de- 


lation" (FS142), a second fact sheet, 


explains how to tell whether your | 
home needs more insulation, and | 


gives purchasing tips. CARIERS, Box 
8900, Silver Spring, Md. 20907. 

* As long as you're saving on heat- 
ing, you might also wish to view free 


| scribes these two inexpensive tech- | 
| niques to cut that heat loss. “Insu- 
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and work even when in 
down position 


Rubber grip) pers on each 
side.make phone fee! 
more’secure and i HImprovg 
shock resistance: ~ 


Surface mount technology 
adds to reliability and 
facilitates miniaturization 


Body friendly design fits. 


comfortably between mn 
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Е 


“Special indicator light =~ | 
igi you when phone is onc 
and Warking UN 


Kéypad isa single sealed 
piec&so dust wont get 
between numbers 


Accessory plug makes it 


easy to usé mobile 
accessories a- 
x CR 
| X 


de od 
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Specially designed hinge М... 

wont break when 
straightened 


~ Rubber postfastening 
adds to shock resistance 
y- 
High impact 
polycarbonate unit snaps 
= together eliminating 
need for screws 


Patented metal core 
eirculpoogra allows 
phoneio work better in 
- temperature extremes 
а. МЕР. —=ї 
Unique light emitting g | 
display maxes it visible in 
- the dark 


Motorola custom 
integrated circuits 
i reduce parts and size 


j 
Circuit boards are isolated 
insid&plastic so exterior 
absorbs shock before it 
reaches interior 


Special. dud! Sehon 
«system eliminates exterior 
sounds for clear | 

transmission | 


THAT 


At Motorola, we believe a 
cellular phone not only should 
work the first time out of the box, but 
we feel it should also be working 
years down the road. 

And after we build them, we 
make it our business to ensure 
they re built right. 

We put our phones through one 
of the most rigorous testing 
programs in the industry exposing 
them to everything from tempera- 
ture extremes to assorted shock 
and drop tests. 

And this painstaking attention to 
quality pays off. Over the years the 
quality built into our phones has 


MM) Motorola, Micro ГАС and Digital Personal Communicator are trademarks of Motorola Inc © | 


WE PUT THEM TOGETHER 
ETS US APART. 


won over more than customers. It's 
also won some very prestigious 
awards. In 1988, Motorola received 
the first Malcolm Baldrige award, 
given by the President of the U.S. to 
recognize the quality of Motorola's 
equipment and services. 

And this year Motorola received 
Japan's 1989 Nikkei award for 
creative excellence in products 
and services, 

The fact is, when it comes to 
quality and durability our phones 
dont just stand out. They stand 
alone, 


MOTOROLA 
1-800-331-6456 


ип Motorola Inc 


POPULAR SCIENCE DECEMBER 1990 |. 47 


launched the new 3000GT. 
Never hastheterm 
"launch" seemed more 
appropriate. 
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[he term "launch" usually refers to the 
lavish public introduction of a new car. 

With the Mitsubishi 3000GT, it more 
accurately describes what happens when you 
turn the key, shift into gear, and step on the 
gas pedal. 

Six cylinders, 24 valves and twin inter- 
cooled turbochargers produce 300 horsepower 
at 6000 rpm. And 0-60 mph times in 5.6 
seconds.” 

Mitsubishis exclusive VR-4 technology 
provides an appropriately sophisticated guidance 
system. It integrates all-wheel drive, four-wheel 
steering, four-wheel independent suspension 
and four-wheel anti-lock brakes. Giving you a 
degree of control that Is rarely approached even 


7 EE 


کےا 


in the most expensive exotics. 

In fact, the 3000GT VR-4 might be the 
most exotic sports car in history. With its exclu- 
sive Active Aero System” to further stabilize the 
car above 50 mph. An electronically self-adjusting 
suspension. Active Exhaust" to reduce exhaust 
noise in populated areas. Only the price is 
unexotic—under $31,000" 

Call 1-800-447-4700 for your nearest 
Mitsubishi Motors dealer, who would be glad to 
help you achieve lift-off. 


* Manufacturers test results. Mitsubishi does not advocate exceeding speed limits 
** Mfr suggested retail price under $31,000. Actual price set by dirs. Тах, lic., freight, 


dir. options and charges extra. 


MITSUBISHI A 


The word is getting around. UE 


pÂ“ 


— 


Newsfront 


| catalogs on energy- and water-con- 


serving products available from The 
Energy Federation (354 Waverly St., 
Framingham, Mass. 01701). These 
catalogs also contain general facts on 
conservation. 


Flame-stopping tile 


It was almost irresistible: “Please take 
a propane torch and try to burn" read 
the dare penned on the back of a thin, 


flexible white plastic tile that arrived | 
in the mail. The photo below shows | 


the results. 
The tile is made of a flame-retar- 


dant thermoplastic called Mortile FR | | 


| 1120. It has low smoke emissions, апа 


the smoke it generates contains the 
lowest level of toxicity of any poly- 
olifin-based plastic available, accord- 
ing to its maker. 


“We see a tremendous amount of 


applications ahead," says Frank Mor- 
timer, president of Mortile Acoustic 


Industries, which developed the plas- | 


tic. “It can be manufactured into ceil- | 


ing and wall tiles, panels, wall cover- 
ings, and wall partitions." The plastic 
also can be used in roof sheathing as 
an alternative to fire-retardant-treat- 
ed plywood, which has been shown to 
weaken significantly under certain 


| conditions [“HNF,” Jan.]. The compa- 
ny is working on a version for wire-ca- | 


ble jackets. 

In tests, Mortile produced one-fifth 
the smoke and flame spread of dried 
red oak. The levels of carbon monoxide 
and carbon dioxide while burning were 
well under the Occupational Safety 
and Health Administration's deter- 
mined safe levels: a measured 1.3 parts 


| per million for carbon monoxide, for ex- 
ample, compared with an allowance of 


Alter 15 mitos wader a blowterch, Mertile 


| thermoplastic shows it’s tough to burn. 
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ENERGY EFFICIENCY; HOW FAR CAN WE GO? 
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35 ppm during eight hours of exposure. 
(At 35 ppm and above, there are health 
hazards and a risk of a blackout.) And 
unlike many fire-retardant plastics, 
the fumes produced by burning Mortile 
are said to be noncorrosive. 

One of the keys to Mortile's perfor- 
mance is GE Silicones' SFR-100. It en- 
hances the plastic's ability to slow fire 
and allows other retardants to be 
added to the plastic. “In reality, what 
you have is not really plastic but a 
plastic compound," explains Ed Stro- 
hack, business manager at GE Sili- 
cones. ^A large percentage of inorgan- 
ic fillers has been added, so there is 
not much plastic to burn—but it re- 
tains the properties of plastic." 

Mortile can be recycled and will 
maintain its structural and fire-retar- 
dant properties, says the company. "At 
this point, the material is competitive- 
ly priced," adds Mortimer. Mortile 
Acoustic Industries, 3411 McNicoll 
Ave., Unit 11, Scarborough, Ontario, 


| Canada MIV 2V6. 


Saving for the future 


Since 1973, the U.S. gross national 
product has increased 46 percent 


| while energy usage has risen only 
eight percent. So we now use 26 per- | 


cent less energy to make one dollar's 
worth of goods and services—even 
though energy usage essentially stag- 
nated during the cheap-oil 1980s. 

But how much can we curtail our 
energy consumption over the course of 
the next 20 years? A study coordinat- 
ed by Oak Ridge National Laboratory 
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(bottom), continue current policies (middle), 
or make no changes in Today's energy 

uses and equipment (top). The forecasts 
assume we'll follow current 


IGNORING 
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in Tennessee makes several predic- 


tions on that score in the graph above. 

The study is one of a series of pa- 
pers by five national laboratories that 
was commissioned in 1989 by the De- 
partment of Energy to examine sever- 
al technical aspects of energy usage. 
The papers will provide background 


information to help in forming a new | 


National Energy Strategy. The De- 
partment of Energy plans to deliver a 
final set of options to President Bush 
this month; Congress will get the full 
report in April. 

Changes in government policy were 
not considered in the Oak Ridge calcu- 
lations because later phases of the Na- 
tional Energy Strategy will cover this. 
The review also figures in only con- 
sumption of energy, and so omits im- 


provements that could be made in | 


generating and distributing electricity. 

The middle line in the graph repre- 
sents energy usage if we continue 
along current trends in population 
and life style, economic growth, and 
fuel prices. But if we take advantage 


| of all efficient, cost-effective technolo- 


gies in new installations and replace- 
ments, we might do as well as the bot- 
tom line in the graph. 

What’s the biggest obstacle? “Insuf- 
ficient implementation of existing 
cost-effective technologies,” states the 
report. “For instance, central air con- 
ditioners are now available with sea- 
sonal energy efficiency ratios (SEER) 
as high as fifteen, while the average 
unit sold has a SEER of only nine.” As 
Pogo said, “We have met the enemy, 
and he is us.” 


, Stand Out. 


Protecting freedom takes hard work. Dedication. And sometimes sacrifice. 
| But the rewards are great. 
Knowing that you're doing something important for ри country. 
Feeling a sense of — and pw ment. 
Doing something you believe in. Stand Up, Stand Out. 
For more information on how you can serve your country, contact your local 
military recruiter today. 


U.S. ARMED FORCES 


AT&T 


Bell Laboratories 


(i 


lan M. Ross Crawtords Corner Road 
President Holmdel, NJ 07733 
201 949-3242 


Theres an amazing phenomenon going on right now. 
History is repeating itself. 


During the final quarter of the 19th Century, industrial nations saw an explosion of | 

important inventions. The telephone. The electric light. The internal combustion engine | 

and horseless carriage. The early recordings of sound and moving images. | 
These and other breakthroughs dramatically changed life for us in the 20th Century, 


| 
expanding both our physical capabilities and knowledge of the world—of one another. 
Today a similar thing is happening, 


The last 25 years of this, the 20th Century, are producing an explosion of techno- | 
logical advances that are going to make our world a very different kind of place in which 
to live and work and do business in the 21st Century. 

To cite just a few examples, ten years ago you couldn't buy a high-speed, low-cost fax 
machine or home VCR or consumer camcorder or compact displayer or cellular car phone 
Sometimes it's hard to remember that these popular new technologies all came onto the 
consumer market only recently, during the 1980s. 


Much, much more is under development, waiting in the wings, to be introduced 
during the 1990s. 
Clearly there is a synergy generated—a building momentum in the drive toward 
discovery— with each new breakthrough. We have seen this repeatedly within AT&T Bell | 
Laboratories. We are all seeing it now around the globe wherever free and open markets 
allow free and open science and engineering to push ahead. | 
That is why I'm very pleased to salute this year's Popular Science presentation of the 
"Best of What's New.’ The editors are to be commended for undertaking what must be a | 
mammoth job, doing it thoroughly and thoughtfully. The winners are to be commended 


| 
for standing out in what has become an increasingly competitive and exciting world—the 
world of new technology. 


Congratulations to all. 


San ди IF. 


Ian M. Ross 
President 
AT&T Bell Laboratories 
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Нот WATER 
WITH JUICE 


Quantum Group capitalized on an 
overlooked energy source: gaslight. 
Their imaginative pursuit of lower 
energy consumption led to a ther- 
mophotovoltaic process that gener- 
ates electric current as well as 
heat. A completely autonomous 
high-efficiency gas water heater is 
its first application. 
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LiGHTNING 
ALARM 


With Storm Alert, boaters and oth- 
ers in exposed oreas shouldn't be 
surprised by sudden electrical 
storms. The $90 battery-powered 
device detects radio frequency sig- 
nals produced by ground strikes; 
when it counts six strikes within 
three minutes, it sounds an alarm. 


ا یا پک ж‏ 


Fulfilling the prophecy of physicist 


Calvin Quate that it might some day 


be possible to manipulate individual 
atoms, IBM Almaden Loboratories 
physicists Donald M. Eigler and 
Erhard K. Schweizer have con- 


structed a cluster of xenon atoms by 
dragging the atoms—one at a time 


—with the fine tip of a scanning 
tunneling microscope. This image is 
magnified some 40 million times. 


JANA BRENNING 


WRISTWATCH 
PAGER 

Staying in touch is easier than ever 
with Motorola's wristwatch pager, 
which operates using the existing 
nationwide network of radio pag- 
ing companies. It may presage a 
new breed of miniaturized per- 
sonal communication devices. 
Calling Dick Tracy? 


Ford's new overhead-cam VÊ is 
destined to be the foundation of a 


future generation of fuel-efficient en- 


gines. Careful attention to reducing 
friction, increasing durability, and sim- 


plifying the accessories should result 


in an engine that burns fuel more 
efficiently, reduces emissions, and 


that sees the service bay less often. 


SMOOTHIE 
Don't let a bumpy ride ruin the 


show: Panasonic's PV-40 camcorder 
uses image stabilization technology 


Orr ROAD to correct for any vibrations during 
IN STYLE recording. Result: a steady image. ' 


Tipping the scales at just 1.7 
Ford's four-door Explorer combines pounds, the palm-sized camcorder 
the ruggedness of an offrooder with | has digital autofocus and an 8:1 
the creature comforts of a station | power zoom, and uses Compact- 
wagon. In the growing crowd of VHS tapes. Price: $1,300. 
four-door utilities, Explorer stands 
out with its port-fuel-injection en- 
gine, shift-on-the-fly four-wheel-drive 
system, and tough but compliant 
suspension. 


BLUE LASER 


IBM researchers have built a blue 
laser at least five times more 
efficient than previous devices. The 
shorter wavelength can be focused 
to smaller spots, promising to 
quadruple the amount of music or 
video stored on CDs and videodiscs, 
or data on computer discs. 


N6006 
OF COURSE 


What did you think Nikon would call 
an SLR that fell somewhere be- 
tween the capabilities of the 
N4004 and the N8008? Some of 
the outstanding features: a high- 
eye-point viewfinder; a powerful 

| pop-up flash that covers subjects 

> taken with lenses as wide-angle as 

| 28mm; three light meters; and an 

electronic range finder for use with 
non-autofocus lenses. 
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It’s easy to compare the sleek 
$60,000 Acura NSX with exotic 
Italian marques, but that doesn't do 
justice to Honda's achievements in 
new materials applications. With its 
al-aluminum chassis and body, im- 
pressively powerful engine, and in- 
novative suspension design, the 
NSX pushes the state of the art in 
at least a dozen areas, without los- 
ing sight of craftsmanship and ele- 
gant styling. The technology devel- 
oped to manufacture the NSX’s 
body and push its performance to 
nearrace-cor standards will in- 
evitably influence more affordable 
cars for years to come. 


Combine a PC and a CD-ROM player 
and what do you get? A desktop li- 
brary that can slash research time to 
seconds. CD-ROM encyclopedias, 
almanacs, dictionaries, ZIP code 
and phone directories, plus other 
references give you fast access to 
computerized data. Philips 
^ Consumer Electronic Co. offers ће 
=} \\ $2,000 Magnavox HeadStort 
== c ES Y 300CD, an 80286-based 
eus auc |BM-compatible that also 
SS SRST TY poys music Ds 
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AUDIO VIDEO 


Programming an audio tape deck via TV-screen menus simplifies the chore; 
Mitsubishi's M-T5010 has a video output for on-screen menus and displays on 
television sets. The dual deck's long list of features includes Dolby, blank skip, 
high-speed synchronous one-touch dubbing, and Variable Intro-Scan, which pre- 
views portions of each recorded selection. Price: $700. 


BRIGHT 
LIGHTS 


General Electric shrinks the halide 
lights it originally developed for 
night baseball to replace the stan- 
dard headlights on your car some- 
day. The high-intensity discharge 
lights bathe the road with a spec- 
trum of light that causes lone 
markers and road signs to glow in 
the dork. The lamps will last the 
life of the car and are more energy 
efficient than today's headlights. 


INSULATING VACUUM 


SALT IN SEALED FINS 


Ww INNER CASING 


INLET FROM / / 
COLD ENGINE. / 


HOT STARTER 


А heat-storage canister developed by 
Volkswagen uses hot water from the 
engine's cooling system to melt bari- 

um hydroxide, a low-melting-point 

salt that stores latent heat for as 

long as three days. A pump in the | 
prototype system circulates water | 
heated by the salt to cold-start = 
diesel- and methanoHueled cars, or 

simply to get a car's heating system 


producing hot air sooner. SUPER CHIPS 


Hitachi's experimental 64-megabit 
randomr-accessmemory chip stores 
16 times more data than RAM 
chips now in production. Circuit fea- 
tures are only 0.3 micron wide— 
about 225 times smaller than a hu- 
man hair. The chip operates on 1.5 
volts. Also, Motorola and TRW have 
jointly developed о signal-processing 
chip for the Navy that has more 
than four million transistors. The 
CPUAX SuperChip has 0.5-micron 
features. Extra circuits enable the 
chip to repair itself. 


| SMARTS 
In an experimental house, University 
of Tokyo professor Ken Sakamura's 
computer-networking concept colled 
TRON—The Realtime Operating 
system Nucleus—shows one route 
to home automation. In addition to 
acting as an operating system— 
rather like a traffic cop for the flow 
of information—it lets intelligent 
devices in the house talk to and con- 
trol each other. An office building us- 
ing the system is planned next. 


To take a bite out of exhaust pollu- 
tants, chemists at Atlantic Richfield 
Co. devised a unique approach: 
Clean up the gasoline before it's 
burned. The effects of reformulated 
ARCO EC-1 and EC-Premium fuels 
are laudable—treduced carbon 
monoxide and hydrocarbon levels 
with no cost increase to drivers. 
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“It doesn't 
matter how big 
they claim 
their savings are. 
Bottom line is, 


I'm not buying it.” 


90) AT&T 


They call me up and 
start giving me the 

old hard sell routine. 
*Forget AT&T! We're 
cheaper, better!" I say 
no, I'm saving now. 

But they just keep 
going. I mean, you can't 
pin these people down 
to any REAL numbers. 
So finally I say, “Look, 
put itin writing, 


okay?"And guess 


what I get? A dial tone. 
Goes to show you, 
it's still not AT&T. 
When it comes to 
promises from other 
long distance com- 
panies, remember: 
Don't take their word 
for it. Get the facts. 
Call 1 800 225-7466, 
Ext. 8198. 


The right choice. 


WALTER ST. ARNOLDAEG 


SUN CHASER 


Thirty-two solar-powered cars built 

by college engineering students 

raced 1,625 miles last summer in a =з 
demonstration of advanced vehicle 
engineering. When the General 
Motors-sponsored Sunrayce USA 
ended, Sunrunner, from the 
University of Michigan, was the win- 
ner. Now the team is off to i 
Australia, competing for internation Wy 
al honors in the Second World Solar Whee 
Challenge this November. 1 e 
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POWER PLAY 


At a fraction of the cost, a new 
Nintendo game from Mattel Toys in- 
corporates elements of virtual reality 

— nascent technology that uses 
computer simulations to produce re- 
alistic experiences. The Super Glove 
Ball game simulates the experience 

of playing handball: An on-screen 
image of a gloved hand mimics the 
movements of a Power Glove 
device worn by the player. 


New high-volume low-pressure paint 
sprayers by AccuSpray Inc. atomize 
paint into low-speed particles. This 
reduces the amount of overspray 
and volatile organic compounds 
while it puts more paint on your work. 
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WIRELESS 
NETWORKS 


The business world spends millions 
of dollars each year relocating com- 


A puter terminals linked to printers 
# ond other computers within local 


area networks. Now those costs can 
be reduced by installing wireless 
systems instead of wired connec- 
tions. O'Neill Communications cre- 
ated one of the first radio com- 
munications systems for computers, 
the Local Area Wireless Network. 
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TWO-IN-ONE 
Listen to FM radio upstoirs while 
someone downstairs plays a CD on 
the same stereo. Bose Corp.'s 
$2,400 Lifestyle system includes 
speakers, a wireless handheld re- 
mote, and a control center with a 
CD player, an AM-FM tuner, plus in- 
puts for three other audio sources. 
The center routes one source of 
sound to the main speakers and a 
second source to optional powered 
speakers in another listening area. 


E-MC 


Hewlett-Pockard's 485X scientific 
calculator's large liquid-crystal dis- 
play shows equations in symbolic 
math ond con display answers as 
numbers, equations, or graphs. The 
$350 pocket-sized calculator also 
computes unit conversions as needed. 


SAFER TAKEOFFS 


Airline pilots lack instruments that show if they're accelerating properly for take- 
off. “Seat-of-the-pants” cues—how fast objects move by——aren't reliable. 
NASA's Langley Research Center is developing a computer-graphics cockpit display 
that advises pilots on when to abort takeoffs in time to prevent accidents. 
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With an advanced optical system, a 
nitrogenilled dustproof and waterproof 
(down to 16 feet) body, a unique 
central focus and diopter adjustment, 
and easy-sliding eyecups for eyeglass 
wearers, Leica’s Ultra-Line 10x42 BA 
binoculars are worth their price, which 


is around $1,300. 
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LOOK HERE! 


Minolta’s Freedom Zoom 105i 
launches automation above ond 
beyond. With its unique Eye-Start 
feature, the camera is ready to shoot 
as soon 05 the photographer looks 
through the viewfinder. 
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We don't think so. General Motors' 
real-world electric сог, ће Impact, 
widely available alternative energy 
source. Engineers paid attention to 
the details: crashworthiness and 
and style. This is no golf cart. 


brings the expertise of the world's 
braking, heating, air conditioning, 


Too conventional? A red herring? 
largest auto maker to bear on a 
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in ever- 


the lawn 


potato. The robot cuts 25-inch 
swaths of grass as it travels 


smaller circles around a yard. When 
it finishes at the center, it shuts off. 
Once you've got the Lawn Ranger 


understanding of global processes in 
Technical Solutions’ Lawn Ranger 
started, you сап sit back and 


walk through an air lock this month, 
the real world. 


entering an airtight glass-covered 


structure known as Biosphere ІІ. 
the life cycles of their fellow inhabi- 


tants—approximately 3,800 


species of animals and plants. The 


data they gather will improve our 


world for two years, they'll study 
watch— it’s not too tiring. 


Four men and four women will 
Sealed off from the rest of the 
may inspire a new phrase: 


sn Kamo! 
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THREE-DIMENSIONAL INSIGHT 


Patients facing risky surgery con now see just what is going on inside their 
bodies, along with their surgeons. Volume Investigation, a new imaging system 
developed in part by ISG Technologies and installed at The Toronto Hospital, can 
visually peel back layer upon layer of bones, joints, and organs to reveal hidden 
trouble spots three-dimensionally, like tumors, from a variety of perspectives. 


BEST OF THE 
BIMMERS 

The strongest criticism of BMW's 
new 850i coupe is that it does 
what it does best—which is tour 
the high-speed Autobahns of 
Germany—with such consummate 
ease thot it takes the excitement 
out of the experience. The coupe's 
finely balanced combination of ad- 
vanced aerodynamics and a supple 
new multi-ink rear suspension 
brings a new level of competence to 
the class of luxury sports cars. 
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Tell Panasonic's СОЧ090 ID Logic 
car stereo what type of music you 
want to hear (classical, rock, jazz), 
and it finds the correct station for 
you——wherever you drive. If you 
drive beyond the station's range, it 
chooses a fresh signal with the 
same kind of music. The stereo 
stores data on nearly 10,000 AM 
and FM stations across the United 
States. Price: $650. 


) (4) POLICE ARE 
INFORMED 
OF LOCATION 


(5) POLICE RECOVER CAR ш s 
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If a stolen vehicle is equipped with 
Code-Alarm's Intercept, the car can 
report its own theft. The device cou- 
ples a sophisticated Loran naviga- 
tion system to a cellular phone sys- 
tem. When the alarm is triggered, 
Intercept alerts a security service, 
which monitors the car's location 
using Loran coordinates. 


An invention that captures energy 
normally wasted by elevators is 
now undergoing tests. The system, 
created by Loren Ferris, a California 
elevator inspector, links hydraulic 
pumps to elevator motors. Pressure 
stored in tanks powers air-condition- 
ing or other systems. For an illustra- 
tion, see "Elevators That Capture 
Energy," this issue. 
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With Kodak's Photo CD system, 
they'll be preserved— 100 on a 
compact disc—and instantly retriev- 
able for display on a TV or for mak- 
ing prints. The system, developed 
with Philips, uses special software to 
enoble photofinishers to transfer 
35mm prints or slides to the discs, 
which con then be played by CD 
players that can be used for oudio 
CDs too. CD-I and PCs with CD-ROM 
XA drives will also handle the discs. 
The system should be in place in 1992. 


CONTROLLER POWER 
CONVERTER X 
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NICKEL-IRON BATTERIES 


=[ کچ 
EVOIVING SY‏ 
i ELECTRONIC‏ 
TWO-SPEED‏ | 
b | TRANSMISSION‏ 


ELECTRICALLY DRIVEN 
POWER BRAKES AND STEERING 


Forget ripping out walls for 


remodeling: You simply move them ELECTRIC VAN 


in Skarne Systems Development's 


Dynamic House. All inside walls are | Most advanced of the electric vehicles now being sponsored by the Electric Power 
held by springdoaded supports, and Research Institute is a version of Chrysler's popular minivan, which will use nickel- 
there оге clever plumbing and elec iron batteries that weigh one-third less than conventional batteries, an electronical 
trica-wiring runs. A prototype eight- ly controlled two-speed transmission, and regenerative braking for greater efficien- 
unit apartment building is in Rosers- cy. A dozen vans, built by Chrysler's Pentastar Division, will be on the road in 1992. 
berg, Sweden. | 
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Chevrolet brings aerodynamic styling 
to the full-size rear-drive Caprice. 
Available in sedan and wagon ver- 
sions, the new model features an 
electronic fueHnjection five-iter V8, 
о four-speed automatic transmis- 
sion, and antilock brakes. We just 


like the looks. 


CLEANER PERFORMANCE 


There's unmatched modernity in BMW's K1 superbike: an up-to-date electronic 
engine management system. The 1,000«c engine's fueHnjection and ignition 
are governed by a Bosch Motronic system that constantly adjusts fuel metering 
and spark delivery to optimize power and fuel efficiency. In late 1991, KIs will 
be available with a compact catalytic converter and an oxygen sensor that sup- 
plies information needed to maintain the ideal airfuel ratio. Bravo to BMW for 
voluntarily doing what no law has yet required in the interest of cleaner air. 


Is it a lens? [5 ita camera? ls ita | 

flash? The Canon Photura's radical | 
design integrates all three in a 
smoothly ergonomic single-barrel 
shape new to lens /shutter autofo- 
cus cameras. The camera’s flash is 
cleverly concealed in the swing- 
away lens cap, and it zooms with 
the £/2.8-6.6 35mm to 105mm 
lens for optimum light coverage. To 
achieve the unique shape, Canon en- 
gineers employed a film wind in 
which the film travels in an S-shaped 
path. Price: around $500. 


DAYLIGHT 


When the Advanced Environmental 
Research Group's embossed film is 
affixed to a window, light that 
passes through is diffracted, so it 
moves farther inside and illuminates 
more of the room. There are other 
ways fo do this, such as with sun- 
tracking mirrors, but this experimen- 
tal glazing, actually a holographic 
diffractive structure, could be inex- 
pensively mass-produced. It could 


OZONE 
FRIENDLY 


An experimental air conditioner 


from Albers Technologies Corp. reduce the need for artificial lighting 
offers hope for the ozone layer: It | in offices and the extra air condi 
combines evaporative cooling with tioning that results. 
desiccant dehumidification to cool 

without chlorofluorocarbons; water 

and salt water are the working 

fluids. While other air conditioners 

recirculate indoor air, the machine м 
constantly brings in fresh air and "P ipe 


exhausts stale air. And it con halve " / 
airconditioning bills in some areas, м. 
it's claimed. 


FRESH-WATER SPRAYS 
EXHAUST AIR 


84^ E, 100% RH 


/ SUPPLY AIR 
54^ E, 100% RH 


CONCENTRATED 


WATER -~ 
DESICCANT 
at DESICCANT x 
OUTSIDE AIR SPRATS BOILER 
95°F 40% RH — 
DILUTE DESICCANT 
JANA BRENNING 


FUZZY LOGIC, SHARP PICTURES 


The Fisher FVC-880 is the first camcorder sold in the United States with fuzzy- 
logic circuitry, which provides fast focusing and smooth transitions between 
lighting conditions. It’s also the first binocular-style camcorder. 


POPULAR SCIENCE DECEMBER 1990 | 65 


Long delayed by the Challenger 
tragedy and other troubles, the 
Galileo spacecraft is finally on its 
roundabout way to on encounter 
with Jupiter in 1995. The engaging 
images of Venus now arriving from 
the Magellan mission only serve to 
whet Earthbound appetites for the 
extro-sharp views of Jupiter and its 
moons that Galileo was built to cap- 
ture. Its little probe may reveal fur- 
ther secrets when it tokes its suici- 
dal plunge into the giant planets 
hot, dense atmosphere. 


CHEAP 
SHOOTER 


Prototype fighters usually issue from 
big-bucks development programs; 
renowned designer Burt Rutan built 
this one with a mere $2 million out 
of his own pocket. He says the ARES 
(for Agile, Responsive, Effective 
Support) aircraft is good for attack- 
ing helicopters and can turn quickly 
enough to take a shot at a passing 
jet fighter. Rutan cleverly offset the 
plane’s cannon to one side of the 
fuselage and the turbine engine to 
the other side to keep gun exhaust 
from choking the power plant. Will 
the Army or Air Force go for the 
maverick plane? Stay tuned. 


CUPBOARD 
COMPUTER 


Computers without keyboards may 
be the electronics-age savior of re- 

| luctant typists. GRID Systems 

had the first. Its computer soft- 

ware recognizes your strokes as 

if you had typed them in. You 

| can also use the electronic pen to 

/ draw pictures that can be stored, 

/ displayed, or printed; $2,370. 


IMPROVED COATING 


JANA BRENNING 


Optical fibers for telephones and 
cable TV—and someday much 
more—will eventually be in oll 
homes. Corning Inc. has devek 
oped one of the toughest optical ca- 
bles yet. Its sturdy Titan fiber con 
handle splices and frequent bend- 
ing. A tough outer acrylate coating 
makes the fiber resistant to abra- 
sion and moisture. The ultra-thin 
core guides a single ray of light for 
high signal capacity. 


GREENER 


Disposable alkaline batteries were o 
boon for tools and toys: They gave 
more current. But the heavy metal 
mercury was as much as 0.8 per- 
cent of the total weight of the cells. 
Because of environmental concerns 
over landfills, battery companies are 
working to cut the use of this metal. 
This year, Eveready was first to in- 
troduce a cell with 0.025 percent 
mercury. It performs os well as the 
higher-mercury versions—aond it 
won't cost more. 
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When Rob was just a kid, 
AIRT was just the phone company. 
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Today AT&T has spawned a whole 
new generation of computer and 
communications technologies. 
AT&T Networked Computing 
For Rob's mail-order nursery business, 
it meant he was able to link up 
^» suppliers with his inventory 
^ control system to improve 
customer service. Now his 
business just keeps on growing. 
And that's just one of te ways 
AT&T can help you get things done 
in today's world. And tomorrow s. 


©1990 AT&T 


==> ATel 


= The right choice. 


NNNM 


Qe 


SPORTS 
TWINS 


Not only are the Dodge 
Stealth / Mitsubishi 3000GT 
among the quickest sports 
cors to hit the road in re- 
cent years, they also offer / 
four-wheel steering, four- 
wheel drive, and an inte- 
grated antilock brake sys- 
tem that helps keep the 
power of a twin-tur- 
bocharged engine under con- 
trol. The twir-under-the-skin cars 
go on sale this fall. 


In the future you won't have to — | SHE. 
search dozens of channels for your m FAVORITES | : Е 
favorite programs, because your TV P UAT tinc | S 
will know what you want to watch. | E | | | 
A first step in that direction is JVC's 
Artificial Intelligence TV: Turn on the SHI 
32-inch model, and it displays the ALL 
three channels you watch most of- 
ten during that period of the day. Porsche's new four-speed Tiptronic 
transmission resolves the argument 
between enthusiasts who favor the 
control offered by a manual trans- 
mission and those who prefer the 


convenience of an automatic. The 
artfully designed electronically con- 


AUTOMATIC | trolled gearbox either selects its 
CAMERAMAN own gears or can be manually 
tris |. shifted without a dutch. 

A few manufacturers sell remote | 
controls that enable the whole fami- 
ly to frolic in front of a stationary 
camcorder. But Visionary Products’ 
In The Picture, which attaches to 
your tripod and camcorder, also 
tracks the action. A wireless 
transmitter clipped to your — 
belt controls the device. -7 NR 


FT FOR 


MILKY WAY REVEALED 

One of the rare successes for NASA this year is its Cosmic Background Explorer 
satellite, which returned a remarkable edge-on image of the Milky Way, our 
galaxy. Earth lies some 28,000 light-years from the bright, bulging galactic 
center. Infrared cameras were able fo pierce the veil of dust that has 
previously made such pictures impossible. 
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Today AT&T has spawned a whole new 


generation of computer and communi- Gg 

cations technologies. iM 

It allowed Steven, in the heat of a fluctuating IHI | 

market, the luxury of a face-to-face meeting VL WU LICOUN NM - 

with his counterpart on the Tokvo Stock ү JL WV EC c \\\\\\\\\ | 

Exchange. After all, when it comes right ПЛА DA Beat \\\\\ 

down to it, every business is a people Ll WA 

business. m) uis / 
And thats just one of the ways 0 фут fi 


AT&T can help you get things done 0", Ms 
in today's world. And tomorrows.  / 4 | 
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POCKET 
LIBRARY 


With this hand-held machine ond 
the three-inch compact discs that 
slip into it, you can carry a small li 
brary wherever you go. Sony's Data 
Discman can be used to read books 
from cover to cover, but the real 
purpose of the miniature CD-ROM 
computer is to allow you to search 
quickly through reference materials 
for items of interest. Titles now 
available include dictionaries, cata- 
logs, and travel guides. The portable 
system also plays audio CD singles. 
In Japan it sells for $390; it’s not 
available in the United States yet. 


Honda engineers went all out to 
make the 511100 sport-touring mo- 
chine’s engine a smooth and effort- 
less torque generator. The 1,100-cc 
V4 delivers its output through multi- 
ple shock«domping mechanisms that 
banish unruliness from the power 
train. The black bike corners with 
agility and stows enough gear in its 
saddlebags to encourage visits to 
distant places. For riders seeking ex- 
hilaration over the long haul, minus 
the stodginess of an outright touring 
motorcycle, here it is. 


IN ONE 

Car radio reception can be muddled 
when signals bounce off buildings. 
Bloupunkt's Auto Directional Anten- 
na system uses four antennas and 
phased-array technology developed 
by the military for radar to find the 
strongest signal. Then it synchro- 
nizes the phases of all four anten- 
nas so they act as if they were re- 
ceiving the signal at the same time. 


BOB LANGE 


Baert 48 
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SMART GLASS 
A new technique from the patent-development company Isotec precisely structures 
atoms within glass. The process may revolutionize optics. One use: forming one 
lens that takes the place of a compound multiple-element lens. This sample 
blends signals of different wavelengths into a single beam. 


COLOSSAL 
COMPUTER 
The Computer Museum in Boston 
has on display a two-story PC you 
can walk through to learn how com- 
puters work. Visitors spin a five-foot- 
tall track ball to select from 300 
cities around the world; the comput- 
er finds the shortest land route be- 

tween them. Then it shows the 
sights you'd see along the way 
—on an 108-square foot monitor. 


` SETH RESNICK 


CERAMIC 
MEMORIES 


Jiggle your computer's AC plug, and 
hours of work may vanish as mem- 
ory chips lose their power. But a 
new breed of integrated circuits 
from Ramtron Corp. and National 
Semiconductor Corp. has ferroelec- 
tricceramic components that store 
data even after power is removed. 
Atoms within ceramic crystals shift 
up and down to represent nom 
volatile binary ones and zeros. 


CLOSE, VERY 


Selected as the European Compact 
Camera of the Year 1990-91, the 
Pentax І07оот 105 Super has an 

| unusual “super macro" mode in 

| addition to its regular macro mode. 
With super macro, you can get 
closeups only 1'/2 feet from the sub- 
ject, using the carrying strap as a 
measuring tape. Ingenious. 
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Toyoto demonstrates its engineering ingenuity by giving itself a virtually unsolv- 
able problem—thow to put the engine nearly in the middle of its new Previa 
minivan for more carlike handling and improved visibility. The technical achieve- 
ment took a complicated oil system, an offset engine lying on its side, long shafts 
to the accessory drives, but only a minimal loss of interior space. It's easily the 
most complicated minivan engine installation on the market. 


ALL TOGETHER NOW 

Put Solmate Inc.'s efficient integrated mechanical system into a house, and you 
can get rid of the furnace, air conditioner, ventilator, and water heater. Solmate 
also captures and reuses heat from the house air and "gray" (waste) water from 
the sinks, dishwasher, and dothes washer. (For an illustration, see "Canada's 
Energy Miser," this issue.) Solmate, which will be available next spring, will cost 
about the same as the equipment it replaces. 
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Clever Minolta engi- 

neers. They borrowed 

the successful autofo- 

cusing system devel 

oped for Minolta’s 

Maxxum camera line, 

combined it with a new binocular de- 
sign, and voild—the world's first 
continuous autofocusing binocu- 
lars. Introduced in two mod- 

els, 8x22 and 10x25, the 
outofocus feature works 

when a button is depressed. 

As soon as your finger comes 


off the button, the focus is locked. 


Traffic jams may be as certain as 
death and taxes, but a consortium 
of European auto companies is mcs there was a lower limit—about 
testing a navigation and traffic-con- = m 10 р 1/12500 inch—to the size of things 
trol system that could help unclog | us TRAC 


| ^ iar; 2 __ [route 64 - that could be seen by a light micro- 
the continent's congested traffic ar- irs N En pote qd scope. But Cornell University profes- 
teries. The Prometheus project взт] | a = 220 [closed off 


\ 
1 sor Michael Isaacson broke the law 
transmits road-condition data for ! NET SISTERS by developing an optical mike that 
instrument-panel display. It can C —e To | does 10 times better, using the tini- 
warn of traffic jams and accidents, est of holes in glass pipettes as a 
recommend alternate routes, ond | passage for the light. Such instru- 


command a саг cruise control. ments could help unlock some of 
(Volvo's CAROSI project is shown.) , Р і | the secrets of the cell, 


A law of optics has long held that 
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a RADIO WAVES 


Tired of addressing envelopes? 
Seiko Instruments" Smart Label 
Printer prints letter-quality labels in 
on instant. The labeler takes up less 
desk space than a Rolodex and 
weighs about a pound. Just attach 
it fo the serial connection on your 
computer for labels or bar-code 
printing. Price: $250. 
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É \ SATELLITE DISH 


METWORK-MAMAGEMEMT 
, COMPUTER CENTER 


Today they're used to help make trucks, trains, and planes run more 
smoothly and efficiently, but the mobile satellite-communications systems offered by 
Qualcomm Inc. and Geostar Corp. are the forerunners of portables that will let you send 
messages from anywhere or pinpoint your location if you're lost. The systems marry the tech- 
nology of satellite messaging with Loran C, the government's navigation system. 


INFO TO GO 


Need to know where the longest 
river runs? SelecTronics’ electronic 
encyclopedia puts such research at . 

your fingertips. The handheld en- 
cyclopedia is fully indexed and can 

search for any word in the text. A 
series of credit-card-sized read-only- 
memory cartridges 

offers additional 25 
reference material, 

and RAM cards can expand the 
unit's memory; $119. 


Digital audio tape machines, which 
offer home-stereo fidelity 
comparable with compact discs, are 
finally in stores. Sony's DTC-700 
debuted as the first model in the 
United States in June. The Sony 
deck and other machines have an 
anticopy circuit so you can't make 
more than one digital copy at a 
time of a copyrighted digital source. 
Priced at $900, Sony's DAT deck 
has a long-play mode that captures 
four hours on a two-hour cassette. 


TELEPHONE LINES 


TRUCKING COMPANY 
HEADQUARTERS 


MITCHELL J. ALBALA 


THERE 


Bellcore’s VideoWindow is the video 
conference system that may some- 
day make business travel obsolete. 
People at distant locations con com- 
municate as though they're in the 
same room thanks to hifi sound, 
multiple camera images, and an 
eight-by-three-foot screen. 
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BACK TO THE FUTURE 


Nissan, a leader in looking back in search of new design themes, unveiled two con- 
cept cars at this year's Tokyo Motor Show that are a welcome relief from cars that 
seem to be stamped in the same wind tunnel. The Chapeau (top) is a delivery 
van with a walk-through rear compartment; the *50s-reminiscent Figaro (bottom) 
is a soft top with rounded bodywork. They're not scheduled for production. 
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— BETRONIC 


INSTRUMENT — — S. 
CLUSTER — = : 


HYDRAULIC 


RUSSELL VON SAUERS 


Mavica - 


TALKING 
PICTURES 


Sony's Mavica MVC-A10 camera adds something extra to still video photogra- 


phy—sound. When you take a picture, you can add 10 seconds of narration 
or music and store both photo and sound electronically on a reusable two-inch 
floppy disk. You can watch and listen to your pictures on a TV with a remote- 
control play-back unit. The price: $850. 
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LASER COPS 


Leac-footed drivers beware: Laser 
Technology's LTI 20-20 Laser Speed 
Gun bounces an invisible beam off 
vehicles to measure speed—aond 
no device can detect it. The manu- 
facturer claims the gun is accurate 
to within one mph. Already, Laser 
Technology has been contacted by 
police agencies and insurance com- 
panies across the United States and 
from as for away as Australia. 
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WHEEL SPEED 
SENSORS 


A new low-cost antilock braking 
system offers all of the benefits at 
less than half the price of most ABS 
systems on the market. ABS VI's 
high-speed motors and controls are 
ingeniously mounted to the car's 
existing braking system to provide 
safer, more-controlled stops. It’s 
available on several GM models, 
induding the Saturn, starting this 
fall. ABS VI is the kind of engineer- 


^. ing that will be duplicated, 


A allowing virtually every сог to 
“A be equipped with this 


=~ important safety feature. 
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Polystyrene-foam beads (blown 
with pentane, which is less damag- 
ing to the ozone than chlorofluoro- 
corbons) make up 60 percent of 
бра! International's concrete 
blocks. Result: The blocks weigh 40 
percent less but have three times 
the insulating value of ordinary 
blocks. Polystyrene inserts (shown) 
make them perform better still. The 
blocks are dry-stacked and can be 
nailed and sawed much like wood. 


A string of "- components linked to a supercomputer creates instant holo- 
grams at the Massachusetts Institute of Technology's Media Laboratory. The 3-0 
images, while rudimentary now, promise 3-0 work stations for engineering, 
medicine, and other applications, as well as home holographic TVs. 


ELECTRIC CABLES 
AUSSELL VON SAUERS 


MACHINES 
Using non-contact induction to pow- 
er electric cars from cables buried in 
freeways is one of the most radical 
proposals yet for curing the eternal 
smog problem of Los Angeles. 

When cars leave the highway, they 
would run on batteries. Southern 
California Edison Co. and the Los 
Angeles Department of Water and 
Power are building a 1,000-foot- 
long test roadway in Playa Vista. 


FAST FIGHTERS FACE OFF 


The Air Force ordered the Advanced Tactical Fighters—the McDonnell Douglas- 
Northrop YF-23 (above) and the YF-22 designed by Boeing, General Dynamics, 
and Lockheed (right) —25 candidates to replace the F-15. Among the required 
abilities: supersonic cruise without fueHhirsty afterburners, stealthiness, and agility. 


À enin operating sys- 
tem—with colorful icons and on- 
screen “windows” that allow more 
than one program to run at the 
same time—is what made the 
Apple Macintosh computer so popu- 
lar. Now those features are avail- 
able to users of PC-compatible com- 
puters who buy Microsoft's 
Windows Version 3.0 program. 
Unlike earlier versions of Windows, 
which were restricted to 640 kilo- 
bytes of memory, Version 3.0 can 
control up to 48 megabytes of 
memory on a computer using a 
386 processor. That means the 
computer can run a variety of large 
programs simultaneously. 
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Easy. 


The AT&T Calling Card makes it easy to cover a lot of ground. No 
other calling card even comes close to letting you call so many places 
around the world from so many places in the US. 
Or offers as many operators to speed your calls through. Or gives 
you as much service. 
No other calling card connects you to a worldwide network as 
reliable as ours. And does it all with the ease and convenience 
of the world’s most widely accepted calling card. 
So if you don’t have 
ь the AT&T Calling Card, 
t make sure getting one is 
E the next thing on your 
| ! سس س‎ ` itinerary. 
"Tr | ? To get your free 
311 555 Te 1111 ~ ATST Calling Card, call 
BOB AQUILINA | 1800 551-3131 Ext. 4203. 
er 1H 311 555 4742 6 : 
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Brazilian biologists who observed 
о squirreHike monkey on on is- 
land near São Paulo claim the 
black-faced lion tamarin is a new 
species. Some taxonomists argue 
the monkey is actually a new sub- 
species of a lion tamarin family 
that includes three other types, 
but all agree that the remarkable 
discovery will help scientists learn 
how species form. 


Sure you can see through it. But 
when it comes to thermal efficiency, 
Southwall Technologies" Superglass 
has more in common with solid 
walls than windows. It has a center- 
of-glass insulative value of R-8— 
almost twice that of any window 
before available. And because win- 
dows also admit solar heat, 
Superglass can perform better than 
an R-19 stud wall. 


Commodore's Dynamic Total Vision (СОТУ) plays audio CDs as well as interactive 
discs with games and instructional programs. Add a keyboard and a disk drive, 
and the under $1,000 machine becomes a computer. 
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SuPeR 3-D 


It took five years, 40 programmers, and a supercomputer to make the 20- 
minute film Echoes of the Sun that combines live action and computer graphics 
for startling 3-0 effects. Shown at Expo “90 in Osaka, Japan, produced by Imax 
Systems Corp., and underwritten by Fujitsu Ltd., the technique, called Imax 
Solido, relies on special goggles and a “live-in “screen. 


Virtually transparent, yet strong 
enough to resist force, silica aero- 
gel, first produced in the 1930s, is 
one of the least dense solids 
known. Researchers at Lawrence 
Livermore Laboratory believe it may 
help NASA experts trap during shut- 
tle flights the space dust found in 
comet tails and tiny meteoroids. 


ONE BOX 


Volkswagen's Futura incorporates о 
direct-injection 50-mpg engine, elec- 
tronic four-wheel steering, plus laser 
and ultrasonic scanners that not on- 
ly monitor distances to nearby vehi- 
cles to warn of potential hazards, 
but can even guide the cor into û 
parking spot. The one-box concept 


car is not scheduled for production. 
| 
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LIVING 
VIDEO 


Crawl through a cave or duel with 
dragons without leaving your 
room. A step-in video game called 
Mandala, by Vivid Effects Group, 
uses о video camera, computer, 
and monitor to record a player's 
movements. Special software dis- 
plays the player's image in the 
midst of on-screen graphics. 


Bioremediation technology scored 
this year when Carl Oppenheimer, 
Alpha Environmental's chief scien- 
fist, convinced officials to approve 
the first test of oiFedting microbes in 
open water. Alpha’s bacteria helped 
dean up two major oil spills in the 
Gulf of Mexico. 


ROCKY KMETEN 


Cobra's Traveler is a pocket-sized 
dictation machine that leads a dou- 
ble life: plug it into a phone line at 
your hotel room, and it becomes a 
portable answering machine. The 
$180 device also has a dual-time- 
zone alarm clock. 


POPULARSCIENCE DECEMBER 1990 | 79 


ELECTRONIC 
SPRINGS 


The Infiniti (45's electronically con- 
trolled suspension uses high-speed 
hydraulics to vary spring rates sev- 
eral times per second in response to 
road conditions. The Nissan system 
adapts to a variety of road condi- 
fions and handling demands with- 
out compromising comfort. 


Climbing to an altitude of 19,500 
feet after a Sept. 8 night launch 
from Tillamook, Ore., a half-scale 
test version of the Farthwinds 
oround-the-world balloon proved 
what its builders had hoped: Their 
"anchor balloon" buoyancy-contro! 
system works. The towering craft 
(shown drifting near Washington's 
Mount Rainier) carried a crew of 
four for one day and two nights 
without dropping any ballast, an 
achievement that bodes well for 
manned balloon flights of 
unprecedented duration. 


SPRIGHTLY 
FILM 


Getting applause from professionals, 
especially for its ability to "pop" col- 
ors that might otherwise be blah, 
Fujis Fujichrome Velvia RVP is the 
first color reversal film to use a de- 
velopment inhibitor releasing com- 
pound—normally used in negative 
film——for sharpness and vivid color. 


Using globakpositioning satellites, a 
new navigation system developed 
by Pioneer Electronics Corp. and 
Trimble Navigation Ltd. pinpoints a 
car's location on a liquid-crystal 
screen mounted below the instru- 
ment panel. Particularly innovative 
is the use of a CD player to store 
mapping information. 


MARK GREENBERG/VISIONS 


A four-footsquare assembly of prisms, lenses, lasers, and optical transistors, 
claimed to be the world's first digital optical processor—a computer that uses 
light instead of electrical signals—-was demonstrated by AT&T Bell Laboratories 
in January. The experimental processor heralds a 21st-century generation of com- 
puters that will calculate up to 10,000 times faster than today’s allelectronic de- 
signs, say the researchers. Dr. Alan Huang, leader of the team that built the pro- 
cessor, expects they'll first be used for central station telephone switches. 


Saturn, GM's best engineering effort 
to date at an economical small car, 
pays off with a sedan and coupe 
based on a new kind of body com 
struction, which layers high-impact 
thermoplostics over a steel space 

‚ frame that is impervious to rust and 
easily repairable. We judge it to 
have an unusual harmony of de- 
sign and performance (see "Show- 
down for Saturn," this issue). 


With Hypertat Corp.'s modular structure, you get a quality building—Qquick. 
Two workers can erect a 200-square-foot Hypertat in less than eight hours. 
The factory-made boxes stack to form arches; these connect to make Quonset 
hut-style structures. Special fasteners link the components and the plastic skin. 
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A new handheld remote 
simplifies a procedure many 
VCR owners haven't mastered: 
programming their machines to 


record TV shows. Punch in a code ~ \ 


—printed in participating television 
guides—for each program you 
want to record, and Gemstar's VCR 
Plus+ does the rest. 
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CAMERA 


Freedom from the yes-no rigidity of 
digital circuits is the claimed advan- 
tage of fuzzy logic systems. Now 
Olympus has built the concept into 
the light-metering system of the 
15-1 to evaluate contrast informo- 
tion. The unusual L-shaped autofo- 
cus camera further departs from 
standard practice by using two sepa- 
rate builtin flash tubes. One shoots 
at full power for long shots, and 
the other at variable powers for 
shorter focal lengths. 


| 


With lightweight composite fiber 
spokes and an aluminum rim, the 
Aero Wheel can cut 10 minutes off 
û 100-mile bike race, says Du Pont 
and Specialized Bicycle Compo- 
nents. The three-spoke wheel was 
designed by a supercomputer for re- 
duced drag and improved stability in 
crosswinds. Price: $750 each. 


PLASTIC THAT GOES AWAY 


This year ICI, the British chemical giant, introduced a truly biodegradable plastic 
called polyhydroxybutyrate-valerate. Exposed to air, the plostic's life is indefinite, 
but when put in a place where microbes are at work—such as in anaerobic 
sewage—t can disappear within weeks. Next year the plastic will be used in 


shampoo bottles by Wella in Germany. 


TV GAME 


If your thumbs are sore from 
dodging villains on NEC’s 
TurboExpress portable game sys- 
tem, just snap on an optional 

tuner and you've got a palm-sized 
TV. The 2.7-inch LCD screen has an 
array of 74,256 color dots (238 by 
312 pixels). The game costs about 
$250, and the tuner about $100. 
NEC is supplying 16 game car- 
tridges initially. 


THE YEAR'S 100 GREATEST ACHIEVEMENTS IN SCIENCE AND TECHNOLOGY 


AUDIO AND VIDEO 

Artifical intelligence TV, JVC of America, 41 Slater 
Dr., Emwood Pork NJ 07407, p.68; Auto directional 
antenna, Robert Bosch Corp., 2800 South 25 Ave., 
Broadview IL 60153, p.70; Bose Lifestyle audio 
system, Bose Corp., The Mountain, Framingham MA 
01701, p.60; CDTV, Commodore International, 1200 
Wilson Dr, West Chester PA 19380, p.78; Fuzzy-logk 
comcorder, Sanyo Fisher, 21350 Lassen 5t., Box 
7329, Chatsworth CA 91311-2329, p.65; ID Logic car 
radio, Panasonic Co., One Ponasonk Way, Secaucus 
NJ 07094, p.63; Wireless tracker for video cam- 
eras, Visionary Products, 222 Third St, Cambridge MA 
02142, p.68; Jitter-Iree camcorder, Panasonic Čo., 
One Panasonic Way, Secoucus NJ 07094, p.55; МЕС 
16-bit portable video game, NEC Technologies, 
1255 Michael Dr, Wood Dale IL 60191, p.82; Sony 
DAT, Sony Corp.of America, Sony Dr., Park Ridge NJ 
07656, p.73; Sony Mavia, One Panasonic Way, 
Secoucus NJ 07094, p.74; Stereo double-cassette 
deck, Mitsubishi Industries, 10 Universal City Plaza, 
Suite 2600, Universal Oty СА 91608-1084, p.56; МСК 
Plus, Gemstar Development Corp., 119 5. Atlantic 
Blvd., Suite 307, Monterey Park СА 91754, p.81; 
VideoWindow, Bellcore, 290 W. Mount Pleasant 
Ave., Livingston NJ 07039-2729, p.73 


AUTO TECHNOLOGY 
Anti-auto-theft system, Code-Alorm Inc., 950 W. 
Whitcomb, Madison Heights MI 48071, p.63; Antilock 
brake system, Delco Moraine, 1420 Wisconsin Blvd., 
Dayton OH 45401, p.74; Electric minivan, Electric 
Power Research Institute, 3412 Hillview Ave., Box 
10412, Palo Alto CA 94303, p.64; Figaro and Cha- 
peau concept cars, Nissan Motor Corp., 18501 
Figueroa 5t. South, Carson CA 90248, p.73; Ford 
modular V8, Ford Motor Co., Ford World 
ters, The American Ай, Dearborn MI 48121, p.54; 
Heat-storage canister, Schatz Thermo Engineering, 
bares e n conser 
p 57; High-intensity headlight 
Lightng Div, Hela Park, Geveland OH 44112; p.56; 
Impact electric car, General Motors Corp., GM 
Engineering Building N2-PR, 30200 Mound Rd., War- 
ren MI 48090-9010, p.62; Infiniti active suspen- 
sion, Nissan Motor Corp., 18501 Figueroa St. South, 
Corson СА 90248, p.80; Prometheus project, Hons- 
Peter Glathe, Daimler Benz AG, Box 800230, 7000 


and Power, Box 111, Los Angeles CA 90051; Southern 
California Edison Co., 2244 Walnut Grove Ave., Rose- 
meod CA 91770-3714, p.75; Satellite navigation 
system for cars, Pioneer Bectronics, 2265 E. 220 
St., Long Beach CA 90810, p.80; Sunrunner solar 
cur, University of Michigan Solar Car Project, Office of 
the Dean, 1301 Beal, Ann Arbor MI 48109-2116, 


p.60; Tiptronic automatic transmission, Porsche 
Cors of North America, 100 W. Liberty St., Box 30911, 
Reno NV 89501, p.68; Volkswagen Futura, Volks- 
wagen of America, 888 W. Big Beaver Rd., Troy MI 
48007, p.79 


AVIATION AND SPACE 
Advanced Tactical Fighters, Model YF-22, Lock- 
heed Aeronautical Systems Co., Burbank СА 91520; 
Model YF-23, Northrop Corp., 1840 Century Park 
E, Los Angeles СА 90067, p.75; Airplane takeoff 
monitor, NASA Longley Research Center, Hampton VA 
73665-5225, p.61; ARES aircraft, Scaled Compos- 
ites, Hangar 78, Airport, Mojave СА 93501, p.66; 
Farthwinds balloon, 9948 E Bayview Dr., Scottsdale 
AZ 85258, p.80; Galileo probe to Jupiter, NASA Jet 

Laboratory, 4800 Ook Grove Dr., Pasadena 
(A 91109, p.66 


CARS 

Acura NSX, American Honda Motor Co., Acura Div., 
100 W. Alondra Blvd., Gardena CA 90248, p.55; 
BMW 850i, BMW of North America, Box 1227, 
Westwood NJ 07675-1227, p.63; Chevrolet Caprice, 
Chevrolet Motor Div., General Motors Corp., 30007 
Van Dyke Ave., Warren MI 48090, p.64: Dodge 
Stealth / Mitsubishi 3000GT, Chrysler Motors 
Corp., 1200 Chrysler Dr., Highland Pork MI 48288; 
Mitsubishi Motor Sales of Americo, 6400 W. Katella 
Ave., Box 6400, Cypress CA 90630-0064, p.68; Ford 
Explorer, Ford Truck Div, Ford Motor Со, 20000 
Rotunda Dr., Bldg. 1, Dearborn МІ 48121, p.55; Sat- 
urn, General Motors Corp., 1400 Stephenson Hwy., 
Box 7049, Troy MI 48807, p.81; Toyota Previa, 
Toyota Motor Sales, U.S.A, 19001 5. Western Ave., 
Torrance CA 90509, p.71 


COMPUTERS AND 
ELECTRONICS 

Blue laser, Almaden Research Center, IBM Research 
Div, 650 Horry Rd. K24/802, San Jose СА 95120, 
p.55; CD-ROM computer, Headstart i 
Philips Consumer Electronics Co., One Philips Dr., Box 
14810, Knoxville TN 37914-1810, p.55; Data Disc- 
man, Sony Corp.of America, Sony Dr., Park Ridge NJ 
07656, p.70; Digital holography, The Media Labor- 
йогу, MIT, 20 Ames St., Cambridge МА 02139, p.75; 
Digital optical processor, AT&T Bell Laboratories, 
101 JFK Pkwy., Short Hills NJ 07078, p.81; Electronic 
encydopedia, SelecTronics Inc., Two Tobey Village, 
Pittsford NY 14534, p.73; Ferroelectric memories, 
Ramtron, c/o Origin Systems, 1208 Plaza Del Sol 
Terrace, Colorado Springs СО 80907, National Semi- 
conductor Corp., 2900 Semiconductor Dr., Santa Cora 
CA 95052, p.71; GRiDPad computer, GRiD Systems 
Corp, 47211 Lakeview Blvd., Box 5003, Fremont CA 
94537-5003, p.66; Label printer, Seiko Instruments, 
1144 Ringwood Cr., San Jose CA 95131, p.73; Laser 
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Sorrento 


ENVIRONME 
TECHNOLOGY 


85284, p.65; 
mental, Box 90218, Austin TX 78709-0218, p.79; 


Speed Gun, Loser Technology, 7399 5. Tucson Way, 
Garden Level B, Englewood CO 80112, p.74; Light- 


ning detector, Multi-Systems Inc., 110A Summit Dr, 


Exton PA 19341, p.54; Local Area Wireless Net- 
work, O'Neil Communications, 100 Thanet Circle, 


Suite 202, Princeton NJ 08540, p.50; Mandala 


video game system, Vivid Effects, 317 Adelaide 51. 


W, Suite 302, Toronto, Ontario, Conoda MV 1P9, 


p.79; Mobile satellite system, Qualcomm, 10555 
Volley Rd., San Diego, СА 92121, Geostar 
Corp., 1001 22nd St. НМ, кла д e D.C 
20037, p.73; Scientific calculator, Hewet 

Co., 1000 NE Grele Bhd. vag реет л 
p.51; Super chips, Motorola Corp., 6501 William 
Connon Dr. W., Austin TX 78735-8598, Hitachi Lid., 
2029 Century Pork E, Suite 3940, Los Angeles CA 
90067, TRW Inc., One Space Park, Redondo Beach, CA 


90278, p.57: Super Glove Ball, Mattel Toys, 5150 
Rosecrans 


Ave., Hawthorne CA 90250-6692, p.60; 


Traveler dictation /answering machine, Cobro 


Electronics Group, 6500 W. Cortland St., Chicago IL 
60635, p.79: Windows Version 3.0 


Microsoft Corp., One Microsoft Way, Redmond WA 


98052, p.75; Wristwatch pager, Motorola Inc, 
1475 W. Shore Dr, Arlington Heights IL 60004, 


p54 


NTAL 


КІ Americas, New Murphy 


A C oi the Wilmington DE 19897, p.82; 


Biosphere Il, SpoceBiospheres Ventures, Box 689, 
Orocle AZ 85623, p.62: 


Eveready Corp, Checkerboard Square, St. Louis MO 


63164, p.66; Nen-CFC air conditioner, Albers 
Technologies Corp., Arizona State University Research 


Park, 7855 S. River Pkwy., Suite 206, Tempe AZ 
Odl-eating microbes, Alpha Environ- 


Point sprayer, AccuSproy Inc., The Eastwood Co., 
Box 296, Malvern РА 19355, p.60; Reformulated 


gasoline, ARCO Corp., 515 5. Flower St., Los Angeles 


CA 90027, p.57 
HOME TECHNOLOGY 


Research Group, Route 2, Box 2948, Davis CA 95616, 
p.65, Hypertat modular structure, Hypertat Corp, 
7800 Forsythe Blvd., St. Louis MO 63105, p.81; Lawn 
Ranger mower, Technical Solutions, Box 284, 
Damascus MD 20877, p.52; 


blocks, Sparfil International, 8241 Keele St., #15, 


Concord, Ontario L4K 125 Canada, p.74; Soknate in- 


tegrated mechanical system, Solmate Inc, Box 


791, Station Р Toronto, Ontario Canada M55 271, 
p.71; Superglass windows, Southwall Technologies 


Heddle ah adenosis ts, p78 


Leg, Teen nghi fin 


92121, and. TRON house, University 
Department rsen rore eel 
Chome, Bunkyo-ku Tokyo 113, Japon, p.57 


PHOTOGRAPHY 
Canon Photura, Conon USA, One Canon Plaza, 


Lake Success NY 11042, adi pice 
film, Fuji Film Inc., 555 Tooter Rd., Elmsford NY 
10523, p.80; Kodak Photo CD, Eastman Kodak Co., 


901 Emgrove Rd., Rochester NY 14650, p.64; 
Minolta 105i camera, Minolta Corp., 101 Williams 
Dr., Romsey NJ 07446, p.51: Nikon N6006, Nikon 
inc., 623 Stewart Ave., Gorden Gty NJ 11530, p.55; 
Olympus 15-1, Olympus Corp., Crossways Park, 
Woodbury NY 11797, p.81; Pentax Zoom 105 
Super, Pentax Corp., 35 Inverness Dr. E, Box 6509, 
Englewood CO 80155-6509, p.71 


RECREATION 


15130 Concord Grde, Morgan Hill CA 95037, p.82: 
BMW K1 motorcyde, BMW of North America, Box 
1227, Westwood IU 07675-1227, p.64; Giant com- 
puter, The Computer Museum, Museum Wharf, 300 
Congress St., Boston MA 02210, p.71; Honda 
ST1100 motorcyde, American Honda Motor Co., 
100 W. Alondra Blvd., Gardena CA 90247, p.70; imax 
movie technology , Imax Systems Corp., 45 Charles 
St. E, Toronto, Ont., Canada L4Y 152, p.79; Leica 
Ultra-Line binoculars, Leica Camera Corp, 156 


Ludlow Ave., Northvale NJ 07647, p.61; Minolta 
binoculars, Minolta Corp., 101 Williams Dr., Ramsey 
NJ 07446, p.72 

SCIENCE AND 
TECHNOLOGY 

do Dr., Mississauga Ontario Canada LAV 158, p.63; 


Atom manipulation, Almaden Research Center, ІВМ 
Research Div., Almaden Research Center, IBM Research 
Div, 650 Harry Rd. K24//802, San Jose СА 95120, 
p.54; Black-faced lion tamarin, Museu Nacional, 
c/o Conservation International, 1015 18th St. NW, 
Washington, D.C 20036, p.78; Energy-saving ele- 
vator, Loren Ferris, 2808 Montair Ave., Long Beach 
(А 90815, p.63; Milky Way photo, NASA Goddard 
Space Flight Center, MD 20705, p.58; 
Optical microscope, Cornell University, College of 
Engineering, Clork Hall, ithaca NY 14853-2501, p.72. 
Dept., Lawrence Livermore National Laboratory, Box 
808, Livermore СА 94550, p.79; Smart glass, Бәк, 
6735 Camino Podro Isidoro, Tucson AZ 85718, Л; 
Titan optical fiber, Corning Inc., Telecommunications 
Products Div, Corning NY 14830, p.12 
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U.S. Navy officials blamed a suicidal crewman for 
the 1989 gun explosion that killed 47 sailors aboard 
the battleship. Skeptical congressmen wondered if 
the tragedy had been an accident and ordered a re- 
view of the Navy inquiry. Methodical sleuths at San- 
dia Laboratories came up with the probable cause. 


By RAY NELSON 


ost detectives would think twice be- 
fore taking an assignment like this 
one: Explain a tragedy that took 
place a year earlier and 2,000 miles 
away. To complicate matters, the 
case has already been pursued by 
other investigators, who have han- 
dled all of the evidence and removed 
it from the scene of the incident. Worse yet, many other 
clues were inadvertently washed away by firefighters. 

Does it sound like a tall order? That’s what the 
scientific sleuths at Sandia National Laboratories in 
Albuquerque, N.M., thought when they tackled the mys- 
tery of the U.S.S. Iowa explosion. Ironically—in a desert 
setting far from the nearest battleship—the scientists 
would come closer than anyone else to a reconstruction of 
the events that took place on the warship. 

On April 19, 1989, the center gun in the battleship 
Iowa’s number-two turret exploded while firing exercises 
were being conducted in the waters about 300 miles north 
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of Puerto Rico. Five heavy bags of smokeless-gunpowder 
propellant ignited as they were being rammed into the 
huge 16-inch gun. The ensuing noxious fireball roared 
through the gun room, killing 47 crewmen. 

Following a four-month $4 million investigation, the 
Navy concluded that the Jowa’s gun did not explode acci- 
dentally. The gun captain, a suicide-bent sailor named 
Clayton Hartwig, had deliberately caused the tragedy by 
placing a home-built ignition device between two bags of 
propellant just before they were rammed into the breech, 
the Navy said. Hartwig's family was outraged; the public 
was shocked. A lot of people just wouldn't buy the official 
explanation. 

The Senate Armed Services Committee wanted a sec- 
ond opinion, and in November 1989 it turned to Sandia 
Labs. Located on Kirtland Air Force Base, Sandia concen- 
trates on weapons research programs and possesses the 
expertise to probe a technological riddle like this one. A 
30-member task force headed by Dr. Richard Schwoebel 
was assembled to re-examine the original investigation 
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LT. THOMAS JARRELL/LU.S. NAVY 


and its conclusions. From the outset, the Sandia group 
would be most interested in how the Navy tested its gun- 
powder and how it found évidence of sabotage. Could the 
remains of a homemade igniter be explained in any other 
way? Could the tragedy have been due to an accident af- 
ter all? 

As a starting point last December, Schwoebel toured the 
Iowa's damaged turret with several members of his team. 
They saw the terrible aftermath of the blast, took some 
material samples for analysis, and talked with sailors 
who had been on board at the time of the incident. They 
also met with scientists from the Naval Surface Warfare 
Center in Dahlgren, Va., where much of the original in- 
vestigation's technical work was done. 

Schwoebel's group brushed up on the procedures fol- 
lowed on battleships. The four-man firing crews crowded 
into the above-deck-level gun rooms are only a small part 
of the complement of sailors assigned to a three-gun tur- 
ret. Dozens of other men labor in the four levels below, 
supplying the 66-foot-long weapons with shells and pow- 
der from the ammunition magazines. 

In a normal loading sequence, a high-explosive projec- 
tile is brought up from the magazine on an elevator while 
a “primerman” located underneath the gun inserts а 
primer resembling a .30-caliber shell into the back of the 
open breech. Then the primerman steps back to make 
room for a second crewman, called the “cradleman,” who 
loads the projectile onto a cradle, or tray, inserted into 
the gun's breech. On a signal from the gun captain, anoth- 
er crew member, the “rammerman,” pulls a lever activat- 
ing a powerful ramming device that pushes the projectile 
briskly into the barrel. His job is a touchy one requiring 
the utmost caution during the next operation. 

Bags of pelletized propellant are brought up on a hoist 
from below and loaded by the captain and cradleman onto 
the cradle and into the breech. At the captain's signal the 
rammerman pulls one lever that closes the powder-hoist 
door, while carefully pulling the rammer lever, slowly 
nudging the explosive powder into the gun barrel behind 
the projectile. Gently is the way the rammerman has been 
trained to push the bags. Motors hum and gears whine as 
the gun's loading machinery runs through its paces. Fi- 
nally, the cradleman retracts the cradle from the gun, and 
the primerman and captain pull three levers closing the 
heavy breech. If the crew is a good one, less than a minute 
has elapsed. Elevating motors aim the giant barrel at a 
target selected in the ship's plotting room. Thunder, 
smoke, and roiling flame erupt over the sea when the fir- 
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ing command is given, hurling the bullet-shaped shell to 
wreak awful destruction as far as 24 miles away. 


ack at Sandia, Schwoebel divided his task force into 
an advisory group and four technical teams: chemi- 
cal analysis, explosives study, modeling, and fault- 
tree analysis, a diagrammatic method for imposing the 
logic of cause and effect on complex and unclear situa- 
tions. As the teams began work in January, they took 
stock of the evidence. 

Navy researchers had found the following conditions in- 
side the Jowa's turret, and from these clues the military 
investigators had evolved the scenario of what they be- 
lieved happened: 

First, the five propellant bags, each one containing 94 
pounds of nitrocellulose, or smokeless powder, had been 
rammed 21 inches too far into the breech at the time of 
the disaster. 

Second, the formidable 2,700-pound projectile, which 
was jammed in place 44 inches up the gun barrel, had 
"foreign elements" trapped in a slot on the 50-inch copper- 
nickel band girdling it. This rotating band mates with the 
spiral rifling inside the barrel when the gun is loaded, giv- 
ing the projectile a stabilizing spinning motion as it is 
fired. During the firefighting and cleanup after the explo- 
sion, much of the evidence in the turret was washed away, 
but the soft metal band preserved a fingerprint of the 
blast by trapping a small amount of material that Navy 
investigators recovered. 

Three elements lodged in the slot were deemed foreign 
to normal gun operation, hence suspect: tiny fibers of steel 
wool encrusted with calcium and chlorine; a fragment of 
polyethylene terephthalate, or PET, commonly used in 
plastic bags; and three different glycols, organic chemicals 
found in brake fluid and antifreeze. 

In the Navy's scenario, gun captain Hartwig slid an in- 
cendiary device between the first and second powder bags 
at the same time he inserted a foil packet of lead barrel- 
cleaning material the gun captain normally adds to the 
charge. The alleged instrument of death was a device 
Hartwig had fashioned from steel wool, brake fluid, and 
an oxydizing chemical, calcium hypochlorite. It was prob- 
ably packaged in a plastic meal-ration bag. The incendi- 
ary would ignite under the pressure of ramming, and to 
make sure of this Hartwig most likely ordered his ram- 
merman to overram the powder bags. It was a grim pic- 
ture of suicide and mass murder, and the Navy reinforced 
its case with exhaustive investigations into the private 
lives of Hartwig and all those close to 
him. 

The Sandia group first focused on 
the concept of an ignition device. The 
chemical team aimed its electron mi- 
croscopes, spectroscopes, and various 
scanners at a sample of the projec- 
tile's rotating band provided by the 
Navy. The task force also had ob- 
tained wipings and magnetically col- 
lected samples from other gun turrets 
on the Jowa and from its sister ships 
the Wisconsin and the New Jersey. 

The technicians examined the mi- 
nuscule bits of steel fibers from the 
lIowa's damaged gun in every way 
possible. They discovered that the 
calcium and chlorine that coated the 


Navy crewmen load a 2,700-pound projectile 


into a battleship’s 16-inch gun. The rammerman, 
< at right, controls loading speed. 
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arl Schuler, head of Sandia's modeling team, Sandia explosives expert Paul Cooper with 
holds а pellet of the World War Il-era propellant bundle of pellets assembled for experiments on a 
used in the lowo's 16-inch guns. half-scale drop-test rig. 


fibers were also present in another turret on the ship, and 
in one turret on the New Jersey and one on the Wisconsin. 
Similar steel fibers were also found in several other bat- 
tleship turrets. They may or may not have been from steel 
wool, the chemists noted. 

Sandia sleuths cast the calcium and chlorine—which 
the Navy had seen as ingredients of an igniter—in a less 
sinister light. Ordinary sea water, they noted, is an abun- 
dant source of both chemicals. The calcium may also have 
come from a lubricant-cleaner known as Break Free that 
is commonly used in cleaning naval guns, and that was 
applied liberally in extricating the stuck projectile from 
the Jowa gun. 

What about the plastic bag that could have served as a 
wrapper for the detonator? Sandia investigators found no 
PET in the slot on the projectile’s rotating band, but did 
detect it in some of the wipings taken from the damaged 
turret—and other turrets too. While the plastic might 
well have come from a meal-ration bag, they observed that 
it could as easily have come from pens, badges, buttons, or 
other common items made from the same polymer. 

Then there were the glycols, familiar ingredients of 
brake fluid and antifreeze. Two of the three kinds identi- 
fied were labeled as suspicious. The first of these was 
shown to be a component of Break Free. The other one 
turned out to be wrongly tagged as a glycol; it was actu- 
ally a phenol, also found in Break Free. The chemical 
team's results did not positively disprove the existence of 
an igniter, but they seemed to weaken the Navy's sabo- 
tage hypothesis. 

Like painstaking detectives sifting through the circum- 
stances surrounding a crime, Sandia's experimenters were 
inching by process of elimination toward the possibility 
that an accident in the turret had sparked the Jowa explo- 
sion—something the Navy's investigators had ruled out. 
The Sandia team wondered if any potential explanation 
for an accidental ignition had been overlooked. 

The Navy's technical investigators worked hard; they 
had conducted extensive experiments at Dahlgren, at the 
Naval Weapons Support Center in Crane, Ind., and at 
other sites. In hundreds of tests simulating actual gun 
turret conditions, everything possible was done to achieve 
an impact-induced explosion, but to no avail. 
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rig at a Navy test center | 
was damaged by an ex- 
plosion touched off when - 
its 810-pound steel Il 
weight crushed the five тем ||, 
propellant pellets (detail | wm 1 115 
at top) in the trim layer 2. | 
between the first and sec- i| 
ond powder bags. B 
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David Anderson, head of Sandia's explosives studies 
team, says the 21-inch overram of the gun soon began to 
loom in the minds of the task-force members as a central 
clue to the mystery. “We kept coming back to that, think- 
ing, that's the anomalous thing...that's the unusual thing 
..that's the abnormal thing. What does it mean?" 

Then modeling team leader Karl Schuler began to ques- 
tion the Navy's belief in a 21-inch overram. He accepted 
the fact that the ram had pushed at least 21 inches too far 
into the gun's barrel, but couldn't it have been over- 
rammed even further? Now Sandia's inquiry began to 
move forward dramatically. 


Virginia to look at the gun's spanner tray, which cra- 
dles the powder bags as they're rammed into the 
breech. Its surface bore several deep gouges that Navy in- 
vestigators attributed to the gun's shattered rammer 
head. This had helped them establish the location of the 
rammer head at the instant when it was blown apart. But 
Schuler didn't see how the bronze rammer head could 
have made such deep gouges in an aluminum tray of 
roughly the same hardness. He saw another gun com- 
ponent as the culprit: the two lengths of heavy steel chain 
[Continued on page 120| 


| n February, Schuler visited the Norfolk Navy Yard in 
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ill Lear presented his 
boss, Paul Galvin, with 
the first radio designed 
for an automobile in 1929. 
Galvin's response was dis- 
appointing: "Theyll never 
be allowed in cars; there'll 
be a law against them.” 

In 1930 some U.S. cities did in fact 
outlaw the use of radios while driving. 
But the bans didn’t last, and Lear's 
invention was, in the end, a success, 
as well as the basis for what became 
Motorola Corp. 

Will television be next? Many peo- 
ple say it doesn't belong in cars: It's 
too distracting, too dangerous. Right? 
Maybe not. 

Battery-operated portable TVs are 
nothing new. But until recently, man- 
ufacturers hadn't designed TVs to be 
permanently installed in vehicles. 
Technical concerns—such as picture 
quality and sound reception in a mo- 
bile environment—and legal compli- 
cations delayed the introduction of 
television sets for cars. 

About three years ago Sony began 
selling a mobile video system de- 
signed for recreational vehicles, lim- 
ousines, and motor homes. But with 
an eight-inch picture tube, the Sony 
monitor is too bulky to be built into 
the instrument panel, a seat back, or 
a flip-down visor. 

An alternative to the picture tube is 
a thin, lightweight liquid-crystal dis- 
play like those used in hand-held TVs 
and video games. Philips is testing an 
LCD system called CarVision in 
Europe and Japan. Hitachi's Info- 
Tainment, an LCD car TV that has 
been available with a tuner overseas 
for 18 months, is available without a 
tuner in the United States. 

"In the past, video products were 
not practical in the average car be- 
cause of their depth and size, but LCD 
technology has really spurred the 
pace along," explains Gary Kelley, na- 
tional sales manager for Hitachi. 
^LCDs allow screens to be small 
enough for easy installation." They 
can be mounted on a gooseneck or just 
about any car surface, using one of 
several mounting kits available. "It's 
no more difficult than installing a car 
stereo," claims Kelley. 

Although car TVs and hand-held 
units use similar LCD technology, car 
TVs have slightly larger screens. The 
Info-Tainment monitor has a five-inch 
display; CarVision's is four inches. 
And because power consumption is 
less of a concern than for battery-op- 
erated units, car TVs use stronger 
backlighting. “This allows for a much 
brighter picture," says Cris Rowley, 
technical manager at Philips. 

Along with the monitors, the Car- 
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Perhaps it was inevitable that two American 
obsessions—cars and TV— would get together. 
There's new technology to perfect the fit. But 


are video and vehicles meant for each other? 


By MARCELLE M. SOVIERO 


Philips" CarVision uses an LCD that allows for bright pictures and easy installation in a vehicle. > 


JOHN B. CARNETT 


Vision and Info-Tainment systems in- 
clude VHS video cassette players. The 
players can be controlled remotely: 
You point an infrared beam at the TV 
monitor, which transmits the com- 
mand to the player via a wired con- 
nection. "This way the deck can be 
mounted out of sight and out of 
reach," says Kelley. ^You could even 
place it in the trunk." 

The Philips system, which is de- 
signed with a TV tuner, has a per- 
manent antenna. This eliminates 
some of the problems you get with 
portable units—like lots of noise and 
snow in the picture. "The hardest part 
was making sure we didn't pick up ev- 
ery signal," says Rowley. 

To cope with reception problems, 
CarVision is equipped with a "diversi- 
ty" antenna: Two masts are placed on 
the car; there are two antennas in 
each mast. The masts are connected 
to a box containing a microprocessor 
that analyzes all four signals. "It's a 
smart receiver," says Rowley. “It 
chooses the best TV signal." 

An audio output on the monitor 
sends sound to an external amplifier 
in the antenna's microprocessor box 
or to your car stereo. For the occasions 
when you remove the system from 
the car, the TV monitor also has a 
built-in speaker. 

Building a TV for cars required pro- 
tective mechanisms. "A car's interior 
is different from your living room," 
says Kelley. “You have to take into 
consideration the temperature the TV 
is going to be in." Hitachi's system us- 
es a heat sensor that stops the tape 
player at about 122 degrees F. Car- 
Vision has a built-in lock on its LCD. 
“In extreme conditions, the system 
won't turn on,” says Rowley. 

Technology is no longer the main 
obstacle to the widespread intro- 
duction of car TVs. Safety is the main 
concern. “I think one has to be careful 
that the televisions are placed in a 
way that’s sensible and secure,” says 
Victor Schwartz, a national product li- 
ability expert who assisted Hitachi in 
the legal arena. For safety purposes, 
Hitachi’s system has a feature called 
interlock that blocks the video signal 
while the car is moving, playing only 
the audio portion. “But the interlock 
can be circumvented for installations 
where the screen is not visible by the 
driver,’ explains Kelley. 


B vary from state to state. Of the 38 

states that have addressed the is- 
sue, Kentucky and Rhode Island are 
the only ones that completely prohibit 
the installation of a television in a ve- 
hicle. Nineteen states allow installa- 
tion as long as the TV can’t be seen by 


L aws governing the use of car TVs 


PUTTING THE SHOW ON THE ROAD 


Picture this. You're driving down the high- 
way while your favorite TV show floats 
above the road in front of you. Impossible? 
Unsafe at any speed? Not according to 
Joe Schiffman, an electrical engineer at 
Auto Vision Associates in Ferndale, Mich., 
who patented a device that could make it 
happen. 

Called AutoVision, the video system is a 
head-up display (HUD) that doubles as a 
television. It uses a mirror about the size 
of a matchbook positioned above your line 
of sight. The mirror reflects pictures shown 
by a small projector located near the car's 
dome light. 

HUDs have been used on military air- 


| craft for more than 30 years and are said 
| to improve safety by allowing pilots to 
| check their instruments while keeping their 
| eyes on the sky. A system Schiffman de- 


veloped, the Bendix Landing System, lets 


| pilots flying in fog see an electrically gen- 


erated image of the runway on the display 

| in front of them. 
Several years after he invented the Ben- 
dix System, Schiffman began studying the 


the driver. The remaining 17 states 
mandate that the television not be in- 
stalled forward of the back seat. 

Hitachi's system comes with warn- 
ing labels and detailed installation in- 
structions. Manufacturers hope these 
measures will protect them from lia- 
bility suits. 

But who will use car TVs? *People 
who want to keep their children busy 
on long trips or who own recreational 
vehicles," says Rowley. Other possible 
purchasers: executives who spend a 
lot of time in their cars. 

CarVision's projected price is $1,700 
to $2,000—modest compared with the 
$3,000 price on Info-Tainment’s moni- 
tor and video player (tuner not includ- 
ed). “It’s extremely expensive right 
now, acknowledges Kelley, which is 
one of the reasons Hitachi plans to 
place Info-Tainment with the dealers 
who sell expensive auto sound sys- 


distracting effects of HUDs in cars. “I tried 
to set up the most distracting display | 
could think of, so | chose a television,” he 
says. “My thinking was that no one could | 
drive while watching a TV. But | found that | 
if | made the image the right size and put it | 
in the right place, it could be feasible.” 
Because it's projected into space, the | 
image looks larger than it really is. "The 
image appears to be just as big as a car 
that's one hundred feet in front of you," 
says Schiffman. One eye sees the image; 
the other sees around it (inset). "You never 
take your eyes off the road," he says. 
Studies show that when you watch TV at 
home, you actually look at the screen any- | 
where from 35 to 50 percent of the time. 
But with AutoVision, you look at the dis- 
play an average of only one percent of the 
time. Independent studies are under way 
to convince consumers and safety author- 
ities that it's safe to watch TV while driving. | 
Entertainment is the primary application 
for AutoVision, but a few large companies 
are looking at the system for other purpos- | 
es. Federal Express, Motorola, and IBM 
have systems that transmit data to trucks, | 
but they have no way of safely presenting | 
that information to the driver. AutoVision | 
could display the data more safely and 
could work as a navigation device by dis- 
playing maps. 
Schiffman estimates that the cost of the 
system will eventually come down to about 
$500.—M. M. S. 


tems. To attract those consumers, 
Info-Tainment's video deck is a VHS 
hi-fi unit. 

Philips, on the other hand, has the 
American family in mind. “But you 
still have to wonder if people are go- 
ing to spend this much money for 
their kids to watch "Teenage Mutant 
Ninja Turtles’ in the back seat,” ad- 
mits Rowley. 

Manufacturers have more in store 
for these sleek video systems than just 
movies and TV shows, however. They 
believe having a video product in your 
car could pave the way for other appli- 
cations. “There will be new mapping 
technologies where you'll call up a 
map on the screen for the locale you're 
in,” says Kelley. “Eventually the dash- 
board of your car will not exist as you 
know it today—there will be a video 
device monitoring all the functions of 
your vehicle.” 
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ou're the video game 
hero in “It Came from 
the Desert." Your task: 
convince the folks of 
Lizard Breath, a Cali- 
fornia desert town, that 
huge radioactive in- 
sects want them for 
dinner. You've got 15 days to locate 
the nest of bugs and wipe them out. 
This video game, slated for introduc- 
tion early next year, is unusual: Gone 
are conventional cartoonlike figures, 
lines of text for speech, and artificial 
beep-boop sounds. Instead, your tele- 
vision shows lifelike digitized images 
of human actors. The sound track is 
hi-fi audio with spoken dialogue. 

The game, a 1950s horror-film take- 
off, represents a new generation of 
hair-raising, adrenalin-pumping real- 
ism. To play it, you need NEC Tech- 
nologies' TurboGrafx-16. NEC's game 
machine has a high-speed graphics 
chip to deliver arcade-game-quality 
images. The machine uses a player for 
optical compact discs that store 75 to 
150 times more information than 
standard game cartridges. 

Other advances are boosting video 
game realism. Sega of America’s Gen- 
esis player has a more powerful com- 
puter chip for zippier, colorful graph- 
ics and improved sound. Even portable 
games from Atari Computer Corp., 
NEC, and others display more real- 
istic action on their tiny color screens. 
And in Japan, Nintendo Corp. is up- 
dating its game that converts into a 
telephone information terminal (see 
box, A Video Game That Tracks Stocks 
Too). Fueling this sophisticated hard- 
ware is a flood of software from new- 
comers and veteran game designers. 

There's been a quiet revolution this 
year in an area of electronics technol- 
ogy many adults don't pay much at- 
tention to. Whether you call them 
video games, computer games, elec- 
tronic games, or arcade games, people 
who design and engineer the hard- 
ware and software have become a lot 
better at packaging reality. 

"The challenge for a game designer 
is the same as it is for the director of a 
film or the author of a good book or 
play,” says Dave Feldman, vice presi- 
dent of technology for ICOM Sim- 
ulations. His company has created 
top-selling personal computer games 
and is developing CD-ROM (compact- 
disc read-only-memory) games for 
NEC’s TurboGrafx-16 player. 

Says Feldman: “You've got to get 
the audience to suspend its disbelief. 
CD-ROM technology allows us to cre- 
ate a totally new form of home enter- 
tainment—something that approxi- 
mates full-motion video from a 
compact disc." 
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Smarter computer chips and 
optical-disc programs bring 
dazzling realism to today's 

game machines. 


By ROBIN NELSON 


While software authors are finding 
ways to push the right psychological 
buttons, the hardware is undergoing a 
generational leap. Partly as a fallout 
from the push to develop faster and 
more powerful computer components, 
electronic games appearing on store 
shelves now have a wider array of 
sophisticated technology. À few years 
ago this technology would have made 
the hardware too expensive. 

The better the games get, the more 


fanatic their devotees become. Japan's 
Nintendo recently agreed to a gov- 
ernment request that new versions of 
its most popular game software pack- 
ages be introduced into the nation's 
stores only on Sundays. The reason: 
Earlier this year, when an updated 
dragon-slaying fantasy game from 
Nintendo appeared in stores on a 
weekday, thousands of Japanese kids 
became truants in order to be first on 
the block to own the game. 


— 


Higher resolution, vivid colors, stereo sound—plus your imagination—help the game machines create a sense of artificial reality. 


In the United States, reports re- 
cently linked several cases of epileptic 
seizures to intense and protracted 
video game playing. A flurry of arti- 
cles dubbed them the “Nintendo fit.” 

What makes the current video 
game phenomenon surprising is that 
five years ago, following an initial 
boom in video games, interest abrupt- 
ly faded. The field was abandoned by 
all but Nintendo, which committed it- 
self to new game technology, plus a 


strategy that encouraged software de- 
velopment and the high-pressure mer- 
chandising of game cartridges. 
Nintendo's successful game systems 
have been based on eight-bit technol- 
ogy—the number of on-off binary dig- 
its processed simultaneously by many 
early microcomputers. Today, savvy 
12-year-olds will tell you the hot new 
stuff is all 16 bit. That means the 
chips—both special graphics pro- 
cessors and conventional micropro- 


cessors—manipulate data 16 bits 
at a time, or at twice the rate of the 
older systems operating at the same 
frequency. 

When you first look at a 16-bit game 
system, you would need a side-by-side 
comparison with an eight-bit game 
only if you're not an experienced play- 
er. The animation is much smoother, 
and the sense of three-dimensional 
space more pronounced, particularly 
in the Sega Genesis system. There are 
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more colors in the new systems, and 
the software has more varied action 
and realistic effects. 

Sega claims its system is the only 
true built-from-scratch 16-bit game; 
NEC and Atari units, says Sega, are 
just tweaked eight-bit systems. 

How that plays on the street, how- 
ever, is open to speculation. All three 
16-bit systems boost the available 
display colors from 16 (in eight-bit 
games) to 256 or more. And all of 
them more than double the number of 
*sprites"—computer-graphics objects 
ranging from submarines to jungle 
creatures—that are able to appear on 
your screen simultaneously. 

This, and less jerky, more animated 
action, are the major differences be- 
tween the eight-bit world and the 
three 16-bit entries. These companies 
exploit the animation to their best 
advantage with software tailored to 
their specific system capabilities. 


une into the tiny Atari Lynxs 

3.5-inch diagonal color screen 

and notice, during a skate- 
boarding game, that the image is 
being automatically zoomed in 
and out, depending on the ac- 
tion sequence. 

"That's called hardware scal- 
ing," says Atari vice president of * 
software development Larry Sie- Y 
gel. “Software can't do it; it de- ‘ 
pends on custom chips that used to 
be far too expensive for us to consid- 
er. Now they're not." 

Small screens, strangely, do not 
seem to affect the reality content— 
or what some of the designers call 
*the experience level"—of a game 
significantly. 

The recently introduced NEC Tur- 
boExpress hand-held game system 
employs a liquid-crystal-display 
screen only about 2.7 inches wide, 
but it can show 512 different colors 
simultaneously and has a resolution 
of 238 by 312 pixels, which form a grid 
of 74,256 tiny dots. Add an optional 
snap-on tuner and you have a televi- 
sion set. 

The microprocessor in the 16-bit 
Sega Genesis system is the Motorola 
68000. Desktop computer buffs rec- 
ognize this as the engine that put the 
Apple Macintosh on the road. 

At a manufacturer's cost of $100 
just a few years ago, the chip was out 
of bounds for entertainment systems. 
Today, at $40 or less, it's a resource. 

Software has to keep pace: In the 
Atari Lynx's California Games BMX 
module, the faster you're going, the 
farther you—and your bicycle—will 
slide when you fall. The harder you 
fall, the louder the noise. Kids no- 
tice these things. 
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— Digital stereo 

sound through the Lynx’s 
earphone jack doesn’t hurt either. And 
although Atari’s Blue Lightning may 
sound more like an oil rig pumping 
during a sandstorm than a fighter 
bomber on afterburners, it’s full-range 
sound, loud and dramatic. 

The potential amount of informa- 
tion displayed in video games took a 
giant leap forward this year when 
NEC linked a laser-based CD player 
with its TurboGrafx system. While a 
typical game cartridge or cassette con- 
tains from four to eight megabytes of 
coded game information, a CD-ROM 
disc stores some 600 megabytes. That 
translates into a much broader spec- 
trum of backdrops (or “screens,” as the 
designers call them), characters, and 
possible courses of action for players. 
If you choose the expensive NEC sys- 
tem with a CD-ROM player option, 
you should at least get more mileage 
per game. 

Although I found it intrusive at 
first, most players will not be put off 
by the loading process on a CD-backed 
game. The screen may blank out or 
show multiple moving lines for a few 
seconds at certain intervals. This is 
because the hardware is not yet capa- 
ble of pulling information from a com- 


An add-on CD player for 
| NEC's TurboGrafx-16 

| video game (left) is 

EM connected through an 
interface. A backup 
memory lets you 
interrupt a game and 
resume playing several 
weeks later. Atari’s 

| hand-held Lynx game 
(below) displays more 
than 4,096 colors on its 
screen. Special graphics 
chips and a high-speed 
microprocessor deliver 
fast action. 


pact dise as fast as it can from solid- 
state ROM cartridges. 

But don’t worry about NEC’s CD- 
ROM-based game driving other ma- 
chines from stores. The CD player 
currently costs $399 and boosts the 
overall price of the system to more 
than $600. 

Nevertheless, CDs will play a 
prominent part in the future of elec- 
tronic games. Next year, electron- 
ics giants such as Philips, Sony, and 
Matsushita will introduce compact- 
disc-interactive machines—special- 
ized game-playing and educational 
computers that are built around com- 
pact disc players. This equipment 
can display full-screen, full-motion 
video in addition to high-fidelity 
graphics and sound [“Interactive 
CDs,” Nov. '89]. Standard CD-ROM- 
based equipment, such as NEC's, 
offers video images that are some- 
what less realistic. 


conomics plays a role in the new 
equipment—although you may 
not see it reflected in price tags: 


Manufacturing a cartridge currently 
costs game companies from $8 to $12; 
a CD would cost them no more than 
$1.50. NEC, however, has a suggested 
retail price of $62 on its CD titles, 


similar to the cost of many of its car- 
tridge games. 

Several game company executives 
say $200 video CD players will be 
available in 1991 and a $100 machine 
within two to three years. (NEC's CD 
machine also plays audio discs and 
the new CD+G—for compact disc plus 
graphics—discs that provide still- 
frame video content, such as pictures 
of performers, along with the same 
amount of music.) 

ICOM's Feldman is enthusiastic 
about the games that his company 
is developing for NEC's CD-backed 
system. First out, early next year, will 
be an interactive detective story that 
is based on the exploits of Sherlock 
Holmes. You are Sherlock, walking 
the streets of Victorian London, step- 
ping into a drawing room looking for 
clues. The difference is, as with the 
town folk of Lizard Breath, the oth- 
er characters are actors, not animated 
cartoon characters. They're seen in a 
simulated motion picture. They speak 
to you, lie to you, and offer clues and 
options. 

"Ihe whole thing has to be filmed 
like a movie," notes Feldman, “with a 
budget for actors, costumes, sets, and 
props." He estimates a single game re- 
quires about one year to develop. 

With standard CD-ROMs, informa- 
tion capacity isn't a problem, but ra- 
pidly accessing huge amounts of data 
needed for video is. Because of this 
hardware constraint, moving images 
must be simplified: Backgrounds must 
be kept steady while actors move in 
front of them—no fast pans or zooms. 
And the camera generally stays in one 
place to cover a given scene. 

"Its a little like a film made by an 
amateur director," concedes Feldman, 


"but a completely new dimension in 
game realism." 

Realistic simulation is a complex 
subject. Subtleties creep in because of 
the intricacies and variables of hu- 
man psychology and perception. 
Sega’s system, for instance, seems to 
have a clear advantage in simulating 
depth perception on a flat screen. It 
uses two independent backgrounds 
that scroll simultaneously. 

The average age of game-players 
trying out both the advanced new 
hardware and older systems is in- 
creasing rapidly. Nintendo, still the 
leader in sales, says two out of five 
people now using its systems world- 
wide are over 18. 


into Chicago’s lake-front enter- 

tainment district, where the 
Battletech Center opened earlier this 
year. Here, players pay up to $16 an 
hour to be shut into booths equipped 
with multiple state-of-the-art inter- 
active simulation computers and dis- 
plays. Four-player teams engage each 
other in a futuristic high-tech war. 
(And at those prices, most of the play- 
ers are self-supporting adults.) 

There seems to be more than tech- 
nology and mass-production econom- 
ies driving all this activity to synthe- 
size reality. If the real world is 
perceived as increasingly hostile, the 
product of violent crime, random ter- 
rorism, spreading pollution, and envi- 
ronmental dangers, then why not 
spend more of your time in an alterna- 
tive place? One where you can take 
every risk and walk away from a 
plane crash or a fatal shoot-out. And 
one where every bully and bad guy is 
ultimately taught a lesson. 


F or a glimpse of the future, step 


NUMB THUMBS AND MORE 


A VIDEO GAME THAT 
TRACKS STOCKS TOO 


If there's a 13- to 19-year-old in your 
home, odds are good that one of the 
estimated 40 million Nintendo game 
machines sold worldwide since 1986 is 


| there too. So far, the 16-bit game sys- 


tems of Sega, Atari, and NEC haven't 
replaced many of the classic eight-bit 
Nintendo games. Now, at least in the 
Japanese market, Nintendo has 
introduced its own replacement system 
called Super Famicom. It's the succes- 
sor to the Famicom—short for family | 
computer—that has been sold only in | 
Japan for several years. 

In addition to playing Nintendo games, 
these systems can also be fitted with 
an optional modem. They then become 
telecommunications terminals for follow- 
ing the performance of stocks on the rol- 
ler-coaster Nikkei exchange, for exam- 
ple, or for accessing other information. 

Super Famicom sells for about $167 in 
Japan. An improved video system, with 


| 512 kilobytes of random-access memory 


for video alone, will allow more latitude 
in animation, larger and more nu- 
merous objects on the screen, and 
up to four independently scrolling 
backgrounds for depth effects. The 


| When a pronounced downward trend in national SAT achievement scores was announced in 
late August, some educators singled out video games as a primary cause of the decline. Kids 
spend so much time engrossed in and interacting with picture-based media, they said, it's 
arresting their reading development. 

Now, with hand-held portable games that can go anywhere, the potential for obsessive game 
playing—to the point where it can even have an effect on health—has to be taken seriously. 

In a week's experience with the Atari Lynx, | did not have any seizures, as was suggested as a 
possible consequence of intense video game playing in newspaper stories earlier this year (see 
text). But | did develop a numb-thumb condition that took a week to go away. Clearly, games can 
be abused. The game marketers are aware of this and try to counter it by suggesting that video 
games offer more benefits than detriments. 

Nintendo likes to refer to cognitive processing as a game-related activity, for instance. Indeed, 
there are other academics who feel that because interactive video media are so widely used, 
they offer an opportunity to enrich and accelerate the learning process. 

Nintendo made a substantial donation to the Massachusetts Institute of oy Media Lab- 
oratory, where cognitive studies are conducted under the direction of Dr. Seymour Papert. It also 
underwrote a seminar in which Rutgers University professor Dr. Robert Kubey addressed the 
concept of an intensified learning state he calls "flow." Flow happens naturally, Kubey believes, 
when a player has to apprehend information under pressure from a fast-moving video game. 

Even if this has possibilities, however, a child doesn't need a 16-bit mind to know the difference 
between learning and fun. Unless it's totally subliminal, | wouldn't expect trigonometry to show 
up on the best-seller list of game cartridges any time soon.—4H. N. 


new machine reproduces up to 
32,768 colors, and there are new 
visual effects as well. 

A digital-signal-processing chip 
permits lifelike synthesis of voice | 
and sound effects plus music that | 
can be patched into a stereo sys- 
tem. Super Famicom's software 
format will not be compatible with 
current Nintendo systems. 

Nintendo hasn't announced 
plans to bring the new machine to 
the U.S. market, but many will be | 
watching whether or not Super | 
Famicom becomes popular in 
Japan. 

"Excopt for culture-specific games, 
says NEC vice president of soft- | 
ware Bob Faber, "the Japanese 
market is a good predictor for U.S. 
sales. What goes over big there 
always does well here." —H. N. 
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lending easily into a row 
of brick houses in Bramp- 
ton, a Toronto suburb, it’s 
so unremarkable in ap- 
pearance that you might 
overlook it. But its unas- 
suming face conceals what 
may be the most energy- 
efficient house in Canada. 

An array of devices and techniques 
—from the way it is heated and cooled 
to its lighting—works in concert so 
that the 3,500-square-foot Advanced 
House annually uses less than 12,000 
kilowatt-hours—only about 27 per- 
cent of the 41,000 kilowatt-hours 
used by a conventional home of 
equal size, and 41 percent that of 
the 28,000 kilowatt-hours used 
by a home built to R-2000 guide- 
lines. The R-2000 Program is a 
standard for efficient homes that 
was developed by the Canadian 
government and the Canadian 
Home Builders’ Association. The 
house, built by the Fram Building 
Group of Rexdale, Ontario, is a 
joint effort of the CHBA, Energy 
Mines & Resources Canada, the 
Ontario Ministry of Energy, and 
Ontario Hydro. 

“The Advanced House is far 
more efficient than anything 
equivalent in Canada,” asserts 
project manager Elizabeth White. 
“Whether its the most efficient 
of all houses, I’m not sure.” 

At seven cents per kilowatt- 
hour, roughly the U.S. average 
price, the house will have a yearly en- 
ergy bill of $785 (the bill for an R-2000 
house would be $1,794; that of a stan- 
dard house: $2,862). 

The architect was Gabor and Pop- 
per of Toronto. Enermodal Engineer- 
ing Ltd. of Waterloo, Ontario, using 
software it developed, refined the de- 
sign for house efficiency. “But there 
still were a lot of surprises,” says 
White. “We found that a night set- 
back will not save anything, but will 
use an extra 100 kilowatt-hours annu- 
ally. The setting back is fine. But 
when you want to heat the house back 
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Energy-stingy technologies 
make this house super effi- 


cient: It uses just one-fourth 
the energy of other homes. 


By MARIETTE DiCHRISTINA 


PHOTOS BY JOHN B. CARNETT 
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up, the mechanical system comes оп 
with the backup heater. If you didn't 
use a set-back, the backup heater 
would come on less often," she says. 

A proper tour of the Advanced 
House begins with the integrated me- 
chanical system. Called Solmate, the 
system was designed and fabricated 
by Allen Associates of Toronto. 

Solmate provides heating, cooling, 
ventilation, and hot water so efficient- 
ly that swapping it with an electric 
furnace and central air conditioner 
would more than double the house's 
annual energy use (excluding lights 


A'S ENERGY 


and appliances)—from 7,179 kilowatt- 
hours to 16,564 kilowatt-hours, ac- 
cording to computer modeling. Its co- 
efficient of performance, a measure of 
efficiency based on the ratio of what 
comes out to what goes in, is 2.8. 

^We were trying to be more environ- 
mentally conscious through energy 
savings," says Mario Kani, one of Sol- 
mate's inventors. “And if you want to 
get serious about efficiency, you have 
to capture and reuse heat that is gen- 
erated through normal occupancy of a 
house and usually is thrown outside. 
That's essentially what Solmate does," 
says Kani, who has one of the 
systems installed in his house. 

Solmate reclaims heat from the 
house air and "gray" (waste) wa- 
ter from the sinks, dishwasher, 
and clothes washer and puts it in 
an ice-slurry tank that takes ad- 
vantage of water's phase changes 
to store thermal energy (see box). 

"We also have a small continu- 

us-running fan to capture heat 
gains from various parts of the 
house," says Kani. “We get a lot 
of free heating just by recirculat- 
ing some of the air." The price of 
Solmate, which is to be available 
next spring, will be about the 
same as the equipment it replac- 
es, claims Kani. 

Although it’s in Ontario, a two- 
story sunspace helps heat the 
Advanced House in winter. The 
solar heat warms incoming venti- 
lation air (see illustration). The 
heat is also stored in the concrete floor 
slab, in the backfill under the slab, 
and in the masonry fireplace. This 
warmth passes through the glass 
doors and walls that connect the sun- 
space with the rest of the house. 

The room has no supplementary 
heat, so it’s not meant to be a living 
space. But during a visit—although it 
was an icy 17 degrees F outside—the 
temperature inside the sunspace was 
like that of an early summer day. It 
isn't cheap: Adding such a space can 
cost more than $100 per square foot. 

“Like those in the sunspace, the 


HOUSEHOLD USE 


rest of the windows in the house are 
high-performance; says White. Loe- 
wenWindows of Steinbach, Manitoba, 
supplied the triple-glazed wood-frame 
windows, which have a low-emissivity 
coating and edge seals of less-heat- 
conductive organic (rather than metal- 
lic) material. The two “2-inch spaces 
between the sheets of glass are filled 
with argon gas (see illustration). 
While the insulation value of the 
glass itself is R-7.7, heat losses at its 
edges and through the wood frame 
decrease the windows' overall R-value 
to R-5.2. To reduce the impact of this 
heateloss, the house's windows have 


few dividers and mostly face south. 


CONDITIONED AIR 
TO HOUSE 


— P 3 


HOT WATER FOR 


ILLUSTRATIONS BY MARIO FERRO 


A skylight over the central staircase 
has a triple-glazed window at ceiling 
level and a conventional plastic bub- 
ble on the roof. Although it's on the 
north side, it isn't a net energy loser. 
"Normally, skylights are disasters, so 
it's quite extraordinary," says White. 

According to computer predictions, 
the windows will save 3,634 kilowatt- 
hours over using conventional double- 
glazed windows. The passive-solar 
contribution, calculated by comparing 
annual energy consumption with and 
without solar gains from the windows 
and sunspace, will be about 9,000 kilo- 
watt-hours. The high-performance 
windows cost about 30 percent more 


than conventional ones, and have a 
payback of three to six years. 


hile they add ambiance, stan- 
W dard fireplaces usually don't 
provide much house heating. 
“Generally, fireplaces have been built 
on exterior walls, so they radiate heat 
outside,” explains White. Much of the 
heat they make—along with warm air 
from your room that is drawn in for 
combustion—also goes up the flue. 
Not so the wood-burning fireplace 
in the Advanced House. Made by Temp 
Cast Masonry Heater of Port Colborne, 
Ontario, it’s a precast contra-flow ma- 
sonry unit. Instead of going straight 
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HOUSEHOLD RETURN AIR 
MIXED WITH FRESH AIR 
FROM OUTSIDE (VIA SUNSPACE) 
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If you think of Canada’s Advanced House as a person, the Solmate integrated mechanical 
system and the controller are analogous to its circulatory system and brain. Solmate heats, 
cools, and ventilates the house and heats the hot water. The all-indoor system has a 100-gal- 
lon ice-slurry thermal-storage tank, a 40-gallon hot-water tank, a heat pump, a heating/cooling 
fan coil, and exhaust-heat recovery. Unlike most heat pumps—which have a valve to reverse 
the flow of refrigerant to bring neat from outside air into your home to warm it in winter, and the 
opposite in summer—Solmate moves heat in one direction (above). “It takes heat from the 
thermal-storage tank and puts it into the hot-water tank,” says Mario Kani of Allen Associates 
in Toronto. An antifreeze loop retrieves heat from warm “gray” (waste) water before itleaves 
the house and dumps it in the thermal-storage tank. More heat comes from exhaust air. In 
addition to supplying the taps, the hot-water tank provides house heating in winter via a 
heating fan coil. Warm return air from the house mixed with fresh outside air is blown through 
this coil for house distribution. In the summer cooling mode, cold water from the thermal-stor- 
age tank is fed to a cooling fan coil, which sends the resulting chilled air into the house. When 
neither heating nor cooling is needed, the system circulates fresh air. A data-collection system 
by Sciemetric Instruments of Nepean, Ontario, monitors 65 sensors (above right) and controls 
some energy usage. A computer shuts off the hot-water tank's backup electric-resistance 
heater during peak periods or when the home's power demand exceeds 10 kilowatts. It also 
controls the sunspace skylight, outside security lighting, and switches Solmate from winter to 
summer mode. Performance data collected in a second PC will be analyzed later.—M. D. 
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tributed to the hovse. 
A skylight vents excess 
heat; shades and a 
trellis block sunlight as 
necessary. Bottom, 
triple-glazed windows 
are R-5.2 overall. 


up and out, the flue gases travel down 
and then up so they have more time to 
impart heat to the masonry (see illus- 
tration). Because the flue is on an in- 
side wall, the masonry radiates heat 
captured from the flue gases into the 
house and the sunspace, where it 
helps warm incoming fresh air. Com- 
bustion air comes from outside. 

“The fireplace should be eighty to 
ninety percent efficient—better than 
many wood stoves,” says White. It 
costs two to three times as much as 
conventional ones, and payback de- 
pends on how often it’s used and the 
cost of firewood. 

The home’s air seal guarantees that 
the ventilation air brought in through 
the sunspace is just about all the air 
that comes into the house. 

The house was framed convention- 
ally with 2x4s. Then a second 2x4 wall 
was erected inside, forming a 9'5-inch 
cavity. This was filled with wet-blown 
cellulose, which is just damp enough 
to stick to the walls as it is applied. 
Fiberglass sheathing provides further 
insulation and lets the wall “breathe,” 
so the cellulose can dry. Dry-blown cel- 
lulose was used in the ceilings be- 
cause the insulation can rest on the 
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horizontal ‘stirface. “Cellulose is уе 
simple," says White. ` $ 
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compounds and a binding agent lik 

cornstarch to discourage insects and 
act as a fire retardant. On site, it's put 
in an applicator and blown into the 
walls." 

A six-millimeter polyethylene sheet 
behind the drywall is a barrier 
against air leakage. Receptacle boxes 
are molded thermoplastic with gas- 
keted cover plates, and the vent holes 
are sealed. The poured-concrete base- 
ment is insulated outside with semi- 
rigid fiberglass and inside with dry- 
blown cellulose. The underside of the 
basement floor slab is also insulated 
with semi-rigid fiberglass. 

The result: The walls have an insu- 
lation value of R-40, the ceilings are 
R-60, the basement is R-37, and the 
basement floor slab is R-7. In addi- 
tion, the air-infiltration rate was mea- 
sured at one air change per hour at 50 
pascals of pressure—equivalent to 
hurricane winds. Normally, the air- 
change rate would be "ıs of that, says 
Kani. (An air-change rate is the time 
it takes for all of the air in the house 
to be replaced by outdoor air.) But this 


— SKYLIGHT TO VENT EXCESS HEAT 


FRESH AIR 


LOW-EMISSIVITY | | 
COATINGS 


==. 


SPACERS 


WOOD SASH 


WOOD 
FRAME 


CONTRA-FLOW FLUE 


EXTERIOR COMBUSTION AIR ^ 


doesn't present the health problems 
that have been associated with some 
tight, or 'sick, buildings that retain 
airborne pollutants, claims White. 

To avoid that problem, "The inte- 
grated mechanical system provides 
good ventilation from the outside," 
says White. "In fact, we're seeing that 
an airtight building combined with 
forced ventilation is part of the an- 
swer to sick-building syndrome, be- 
cause any toxic materials that you've 
got in the wall will outgas to the out- 
side," says White. "The polyethylene 
behind the drywall is completely 
sealed, and the fiberglass and cellu- 
lose allow air to move through, so the 
gases can pass outside," says White. 

Because the insulation is about 
twice the amount in a conventional 
house, its price is double. Extra fram- 
ing adds 15 to 25 percent more to the 
cost of framing. Air sealing can add 
one percent to the house's cost. 

There are no incandescent lights in 
the Advanced House. Instead, fluores- 
cent and compact-fluorescent lamps 
save 80 percent of what would other- 
wise be used—800 to 1,000 kilowatt- 
hours annually. A compact fluorescent 
can cost 16 times as much. as other 


SECONDARY COMBUSTION CHAMBER 


light bulbs, but it pays for itself in 
savings and longer life. 

The appliances, many of them from 
Europe, save 20 to 60 percent of the 
energy that’s usually required. Appli- 
ances from AEG include: an efficient 
(and water-conserving) dishwasher 
and front-loading clothes washer and 
dryer; and a range with two halogen 
elements and two conventional ones. 
Anda highly insulated refrigerator from 
Sun Frost of Arcata, Calif., saves as 
much electricity as used in all of the 
lighting in the house combined. While 
the appliances cost twice as much as 
standard ones, the cost should be re- 
covered over the products' lives. 


ther features follow the envi- 
ronmental theme. The toilets 
use about one gallon per flush, 
and the house has shower heads that 
cut water use by 70 percent. "An auto- 
matic faucet in the first-floor bath- 
room works on infrared," says White. 
“A sensor turns the tap off when you 
take your hands away to dry them." 
The upstairs home office demon- 
strates an alternative to daily com- 
muting, and there's a basement cold 
cellar, a box for recyclables in the 


The contra-flow masonry fireplace pulls nearly all of the 
heat from the flue gases before they exit. The heat is 
stored in the bricks and helps warm the outside air that is 
drawn into the adjoining sunspace. 


HIGH-TEMPERATURE PRIMARY COMBUSTION CHAMBER 


ETE 


kitchen, and a compost bin. Outdoor 
landscaping uses solar-powered light- 
ing and native flora that may be wa- 
tered with an underground irrigation 
system to prevent evaporative losses. 

A monitoring system will compile 
data on house performance for two 
years. The results will go toward de- 
veloping even-more-efficient houses. 

“Everything seems to be working to 
specification, but it's premature to say 
how the house will perform," says 
Nathan Sheaff of Sciemetric Instru- 
ments in Ontario, which developed 
the monitoring system and controller 
(see box). "The house has been unoccu- 
pied, and we don't have heating-sea- 
son data yet." 

That will soon change; in February 
the house will be closed to public tours 
and put up for sale. "We don't yet 
know what the price will be," says 
Peter Del Fatti, manager of the Fram 
Building Group. 

White estimates it would cost 20 
percent more to build an Advanced 
House than a conventional house of 
the same size. “The payback period 
would be a function of lifestyle," adds 
Del Fatti. The additional price could 
be partly recouped from incentives of- 
fered by utilities to save energy. 

But there's one feature of the Ad- 
vanced House that you can use in 
your house for little cost. In addition 
to the clothes dryer, “Outside...is the 
solar dryer, the most energy-efficient 
dryer yet invented,” brags the infor- 
mational material. That dryer is “oth- 
erwise known as the clothesline!” 
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ELEVATORS 
THAT 


By PAUL ROSTA 


n L-shaped building, 

painted an orangish 

shade and resem- 

bling the sawed-off 

corner of a barn, 

stands partly hidden 

from passing motor- 

| ists on a quiet street 

here in Long Beach, Calif. About two 

stories high, the unimposing struc- 

ture is a test site for a novel approach 
to save energy in high-rise buildings. 

Inside this barnlike building is an 
invention that taps the energy of ele- 
vators and uses it for air conditioning, 
heating, and hot water. "Until now, no 
one has ever successfully used an ele- 
vator to recover energy and power 
other devices before," says the inven- 
tor, Loren Ferris, a state elevator in- 
spector. Several patents bolster his 
claim. Ferris's system uses compres- 
sors, pulleys, and heat pumps to cap- 
ture the kinetic and thermal energy 
resulting from elevator—or escalator 
—movement. 

While most of us take elevators for 
granted, the ubiquitous machines are 
complex, costly to maintain, and en- 
ergy hungry, Ferris says. Each eleva- 
tor has its own motor-generator sys- 
tem, a power plant that hauls you 
aloft and brakes the car at the right 
floor. The irregular nature of the ma- 
chines' use lessens their efficiency: 
Whether one person or a dozen make 
a trip, about the same amount of en- 
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Millions of elevators 
waste kinetic and ther- 
mal energy. Now an in- 
vention under test taps 
and stores that energy 
as pressurized fluid to 
run air conditioners and 
other systems. 


ergy is required. "Suppose an elevator 
goes up to the twentieth floor and no- 
body's there," says Ferris. *It's a 
waste of energy." 

The inventor compares his energy- 
recovery system with an air-condi- 
tioned car climbing a hill. On the way 
up the slope, a car's engine supplies 
energy for the air-conditioning sys- 
tem. Meanwhile, the car is accumu- 
lating potential energy. When the ve- 
hicle reaches the top and starts down 
the hill, the energy accumulated on 
the way up turns into kinetic energy 
and powers the drive shaft and con- 
tinues to run the air conditioner, 
though the driver's foot is now off the 
accelerator pedal. 

Ferris uses the same rules to tap 
the potential energy in elevator mo- 
tion. "Think of an elevator as a weight 
with a couple of cables attached to it," 
he says. As the elevator cab and its 


counterweight rise and fall at up to 
2,000 feet a minute in newer high- 
rise buildings, kinetic energy is gener- 
ated. And, like the car coasting down 
the side of a hill, the elevator cab and 
its counterweight continue to gener- 
ate kinetic energy even in free fall. 

"The more elevators, the higher the 
rise, the more kinetic energy you pick 
up,” Ferris says. "Its not unusual for 
a large hotel or hospital to have forty 
or fifty elevators.” He stresses that 
the height and number of elevators 
are less important then their amount 
of motion overall. 

How his system would be linked to 
a building’s air conditioning depends 
on the requirements of the building. 
The inventor’s energy-capture meth- 
ods have evolved considerably. In his 
most recent streamlined version, Fer- 
ris says, “you can directly, mechani- 
cally couple the elevator to the air- 
conditioning system with a clutch and 
hydraulic pumps.” 

A more complex option, closer to 
the design Ferris patented, is to in- 
stall a high-pressure pump and a 
bank of accumulator tanks. The tanks 
store the elevator’s kinetic energy as 
pressurized gas and hydraulic fluid, 
transferring it as needed to the air- 
conditioning system through hydraul- 
ic lines. In either case, a microproces- 
sor determines when the energy is 
available for transfer from the eleva- 
tor to air-conditioning or other units. 

Although Ferris first concentrated 
on using elevator energy to run air- 
conditioning systems, his work gradu- 
ally expanded to include thermal en- 
ergy recovery as well. An elevator 
machine room hums with motors and 
generators that produce hundreds of 
thousands of Btu. This thermal ener- 
gy, which takes a great toll on the 
equipment, is “usually blown out the 
window,” he explains. But through a 
series of air-to-air heat pumps, the 
energy produced by elevator machin- 
ery can be drawn off and used to heat 
or chill water. 


he idea of tapping elevator ener- 
gy occurred to Ferris more than a 
decade ago while he worked as a 
mechanic’s assistant for an elevator 
manufacturer. As he watched the 
endless rise and fall of empty eleva- 
tors in an enormous machine room 
one day, he thought of the huge 
amounts of energy required to run 
the machines. “I said to myself, ‘All 
this wasted movement, and there’s 
nobody on them. There must be a 
way to capture this energy, ” he re- 
calls. Ferris worked on the project 
full-time for five years before taking 
his inspection job to support addition- 
al research. 


Ten years, several U.S. patents, ! n б 
and $100,000 of his own money later, я a: 
Ferris escorts me to his home-built 
steel-and-plywood elevator in the L- 
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shaped building for a demonstration i 9 5 
ride. We pass a Rube Goldberg array Е Е 
of tubes, switches, compressors, and ‘a i 
pressure gauges. On the floor of the i 


Pus 


small elevator car is a 900-pound 
weight to simulate additional passen- 
gers. Ferris flicks a switch in his no- 
frills machine, and we inch noisily to- 
ward the roof of the workshop. He 
allows the elevator to go into free fall 
on the way back down. Moments lat- 
er, inside Ferris's 1,200-square-foot 
workshop, I notice the coolness pro- 
duced by the air conditioner linked to 
the elevator. 
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erris acknowledges his test ma- 
chine is “a Tinkertoy” compared 
with the full-scale five-floor mod- 
el now being installed in downtown 
Long Beach. Building his many proto- 
types has been a challenge. “You can’t 
walk into a store and buy something C 
off the shelf," he says. The parts are N @ 


adapted from cars as well as elevator N: 
and air-conditioning hardware. Ferris bs s 

* | è ЕС м. м 
points to a rotary compressor in his We 


shop he had specially built. *It's about 
fifty percent more efficient than typi- 
cal designs," he claims. 

Ferris says he's negotiating with an s 
elevator company about the inven- \ 
tion. If all goes well at the full-scale М. 
test site, he hopes to see his energy- N 
saving system commercially available SN 
in about one year. РЕ > 
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Elevators and constantly running escalators offer a source of energy to power air conditioners and 
other equipment. One way of tapping this energy: Link hydraulic pumps through clutches to eleva- 
tor and escalator drive motors. Installed atop elevator shafts (top right), the pumps drive fluid into 
accumulator tanks, compressing a gas. When the stored pressure is adequate, a microprocessor 
routes the fluid to hydraulic motors linked to air conditioners or other equipment. Heat exchangers 
can extract heat from warm hydraulic fluid for the building (above) or tap and use thermal energy 
from elevator machinery that is usually wasted through venting. 
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By DAN McCOSH 


aving finally arrived after 
so much anticipation in 
its development stage that 
it'seemed to have the ges- 
tation period of an ele- 
phant, the Saturn repre- 
lsents General Motors’ 
best effort yet at manufacturing an 
economical small car. While the engi- 
neering details barely stray from the 


middle of the road, Saturn’s compo- 
nents have not been simply pulled from 
the General Motors parts bin either. A 
new aluminum engine, transmission, 
and body and chassis were all built to 


order for the division—sort of state of 


the budget-car. art pitched against the 
best of the Japanese economy cars, no 
slouches' themselves in finessed low- 
cost hardware. 
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Howa middleweieht fiehts 
heavyweight eh i 


The new mid-size Dodge Dakota. Now with V-8 power. 


More available 
payload than 
Ford and Chevy 
half-tons. 


The battle lines were drawn. 
And when it was over, the mid- 
dleweight from Dodge tasted 


VIC tory while‏ چ 
pe £m some bigger‏ 
Po BN Y ТЕ:‏ 
س Masa‏ 
ыл aT" > from Ford‏ 


E q е ү 

sy ب‎ and Chevy 
Dakota's available new yg Went down 
really packs a punch. to defeat.” 


Choose the powerful 


punch of a V-8. 


Introducing the mid-size 
Dodge Dakota V-8. 


Dodge Dakota 


Its new eight cylinder muscle is 
170 hp strong, 5.2 liters big and 
cranks out 262 Ibs-ft of torque 
at 2,400 rpm. But if a V-8 would 
overpower your job, Dakota 
also offers a choice of 4 cylinder 
or V-6 engines as well. 


The payload of a 
heavyweight. 


able payload, Dakota gets the job 
done. Ford and Chevy full-size 
half-tons can't haul as much. 


The body you always wanted. 
Take your choice of 6 1/2 or 
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8 ft cargo beds. Pick а options, it fits your 
4x2, a shift-on-the-fly - pocketbook better too. 
4x4 or even a Club Cab eem just ask your dealer 
that seats up to six. amm © about Advantage 
Every one of еп ФА. Package savings. And 
offers morefrontleg- ^ ce 4x4 to 4x2 to Cub cap, about our 7/70 power- 


room than апу full-size Dakotas got every body 


pickup from Ford or Chevy. 
And bold new styling designed 


to look good on or off the job. 


The agility you always 
needed. 


No full-size pickup can out- 


maneuver Dakota. It fits into 
places no full-size can. And with 
special savings on popular 


Advantage: Dodge 
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train warranty that 
helps keep your Dakota physi- 
cally fit for years to come.t 


Welcome home to Dodge. 


The middleweight Dakota 
V-8. Now bringing more truck 
buyers home to Dodge. So are 
our hard-working full-size Ram 
Pickups, including our Dodge 
Cummins Turbo Diesel. The 
only turbo diesel there is. So if 
you're looking for the winning 

punch, come to Dodge. Come 
see what we're made of. 
"Competitive claims based on '90 data (91 
competitive data incomplete at time of print- 
ing). "Regular cab 4x2 payload compar- 
isons. tee this limited warranty and its 


restrictions at your dealer. 
k BUY OR LEASE AT YOUR DODGE 
t 
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Looking Back... 


Sampling a century of Popuuaa Sama 


DECEMBER 1965 

“In April 1964, Ford intro- 
duced a sporty car called 
| YEARS AGO the Mustang. It was an in- 
| stantaneous, howling success. Chevro- 
| let, Ford's chief competitor, has 

| nothing like it. But come spring, or 


| possibly as late as next fall, Chevy ( x 
will VAL 


+ Mid 


“POPULAR SCIENCE here presents — 
| an exclusive preview of Chevy's 
| ‘anti-Mustang.’ In General Mo- 
| tors' councils it is called the Pan- 
| ther. "Like the Mustang, the Panther 
| will have a low, racy silhouette, with a 
| long hood and a short rear deck. It will 
be muscular, with horsepower options 
| streaking all the way up to 350. 
“Chevy was in a hurry to build an 
automobile to compete with the Mus- 
tang. Just as Ford built the Mustang 
from a batch of Falcon parts in a dif- 
ferent body, Chevrolet decided to use 
the Falcon-inspired Chevy II as a ba- 
sis for the Panther. 


DECEMBER 1940 
"When George Hale was 
| ` just 13 years old, he decid- 
YEARS AGO ed to build a telescope. By 
the time he was a junior at the Mas- 
sachusetts Institute of Technology, he 
had invented an important new astro- 
nomical instrument, the spectrohelio- 
graph, which photographs the sun by 
the light of one chemical element at a 
time. At 23, he was already considered 
an authority on the sun.  - 

“Hale’s father saw that the young 
Hale was destined to make the biggest 
telescope ever, and so he wrote. а fa- 
mous French glass maker and ordered 
the largest disc he could turn out. 
When it arrived, a great slab of clear 
green glass eight inches thick and sixty 


DECEMBER 1890 
“The natural conditions 
| that are essential for suc- 


YEARS AGO cessful building have never 
been better set forth than in consul 
Plinys newly finished villa of Lauren- 
tinum. The building demonstrates that 
utility is the chief consideration in con- 
structing a house. Coupled with advan- 
tage of the natural situation, the direc- 
tion of the wind, the heat of the sun, the 
requirements of temperature and cli- 
mate, all of which must receive due at- 
tention in good and economic building. 
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"The Chevy II underbody, according 
to an ‘inside’ source, was shortened to 
cut the wheelbase from 110 to 108 
inches, Rear overhang was reduced, 
front overhang increased. The seat po- 
sitions were rearranged to give the 


inches in diameter, he presented it to 
his son. 

“That slab of glass became, later on, 
an important aid at the first observa- 
tory at Mount Wilson in California. It 
was the first of the modern reflecting 
giants that have culminated in the 
200-inch instrument at Palomar. The 
60-inch telescope went into service in 
1908. 

“When the boundaries of the uni- 
verse—as far as the 100-inch telescope 
would reveal them—had been ex- 
plored, Hale came to the conclusion 
that there was only one course to pur- 
sue. More light! A larger telescope 
still! Thus it was that his long dream 
reached its climax in plans for the 
glass giant of Palomar.” 


“Architecture has ceased to be an art, 
and has become a fashion. We have 
styles in architecture just as we have 
styles in dress. Our buildings are put 
up now in one style, now in another, not 
because one is more suited to the pur- 
pose of the structure or better adapted 
to the climate, not because it more 
freely expresses our culture and our civ- 
ilization, but because we want a 
change, because our streets are grow- 
ing monotonous, because we must alter 
our structures to conform to a new style 
and give evidence of an improved taste. 


Chevrolet’s Panther 
was introduced as the 
Camaro in 1967. 


long hood a short rear deck. The floor 
was lowered and the transmission tun- 
nel raised to get a low seating position. 
And all interior dimensions were care- 
fully worked out so that the Panther 
would have from “io to 1 full inch on 
the Mustang in every respect.” 
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"It is an admirable idea to give a di- 
versity to our streets and erect orna- 
mental facades to our buildings; but 
when we pass over all thought of con- 
venience, of utility, of adaptation to 
natural conditions, and judge of build- | 
ings because one is better looking than | 
another, we have passed the dividing 
line between sense and absurdity.  . 
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Product Information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


1201 Hand/Power Sanding Literature from 

3M describes a full line of hand and power 

sanding products for the do-it-yourselfer, in- 

cluding discs, sheets, belts, sponges, and ac- 

'Cessories for use with wood, metal, and plas- 
tic. Free 


1202 On-line Computer Communications 
CompusServe's informative brochure shows you 
how to use and communicate through the 
world's largest and most comprehensive com- 
puter information service: hardware and soft- 
ware support, electronic mail, personal invest- 
ment services, and more. Free 


1203 Hobbyist Catalog Edmund Scientific's 
112-page catalog contains over 3,200 prod- 
ucts for the hobbyist, gadgeteer, and educator, 
and features telescopes, weather instruments, 
fiber optics, magnifiers, high-tech science toys, 
plus items for science fair projects. Free 


1204 Indoor Pollution A detailed booklet 
from Environmental Energy Solutions explains 
what a Heat Recovery Ventilator can do to im- 
prove air quality in your home. Learn about 
the operation of this advanced HRV and how 
easy it is to install it yourself. Free 


1205 Oil Additive A brochure from Fluoram- 
ics describes Tufoil, a spectacular low-friction 
and low-wear oil additive. Tufoil makes chang- 
ing your oil a patented engine treatment. En- 
joy fast starts and smooth operations. Free 


1206 Sound Retrieval System A color post- 
er/brochure from Hughes Aircraft describes the 
features, benefits, and operation of its unique 
3D Audio Circuit Sound Retrieval System. Free 


1207 Portable Refrigerator A plan and in- 
struction package from Kerner Industries ex- 
plains how to build its portable thermoelectric 
refrigerator. The resulting 66-liter unit holds 
more than a hundred 12-ounce cans and was 
designed by a NASA program supplier. $29.95 


1208 Paint and Varnish Removal Klean 
Strip's two free booklets, “Protect Your Home 
Like a Pro" and “Guide to Paint and Varnish 
Removal," offer important information for 
homeowners, do-it-yourselfers, and weekend 
handymen. Free 


1209 Automatic Camera A booklet from 
Konica describes its A4 fully automatic 35mm 
camera. The state-of-the-art A4 is the world's 
smallest, lightest compact with a retractable 
close-up lens and three different auto-flash 
modes. Free 


1210 Binoculars Abrochure from Leica de- 
scribes its new line of binoculars that is avail- 
able in the following sizes: 7x42, 8x42, and 
10x42. Also included in the brochure is 
information on the company's line of com- 
pact binoculars. Free 


1211 Window Ideas This brochure from 
Marvin Windows illustrates with four-color pho- 
tos and renderings how window sizes and styles 
can affect the appearance of your home. En- 
ergy and maintenance information is also in- 
cluded. Free 


1212 Compact Camcorder From Minolta, 
the mastermind of autofocus cameras, comes 
the Master Series Camcorders. Master Series 
Camcorders are available in a 1.7-pound model 
and the ultra-light 1.65-pound version. Free 


1213 Wood Finishing This edition of Min- 
wax's 30-page finishing guide contains both 
time-saving tips and how-to instructions. You 
will learn how to beautify and protect new wood 
and restore old wood to its original beauty. 
Free 


1214 North Carolina Vacation The state of 
North Carolina offers a travel package contain- 
ing facts for planning where to go, where to 
stay, and what to do on a vacation in North 
Carolina. Free 


1215 Camcorder A brochure from Olympus 
describes the ultra-light, ultra-compact, ultra- 
easy-to-use VX-81 Movie 8. This 8mm video 
camcorder breaks ground in bold, exciting 
ways. Call 1-800-221-3000, department 385 
for a brochure. Free 


1216 Insulation and Savings The “Home- 


owners Guide to Insulation and Savings" from 
Owens-Corning is a guide to home energy sav- 
ings and comfort. The booklet explains where 
and how to insulate an existing home, in a 
remodeling project, and in new home construc- 
tion. Free 


1217 Computer Finance Reality Technolo- 
gies Wealthbuilder by Money magazine is a 
financial planning and investigating tool that 
helps define objectives and matches them to 
a specific strategy, which includes stocks, 
bonds, and mutual funds. Free 


1218 Septic-System Help Unfortunately, 
your septic system can back up. But Rid-X 
helps you avoid septic-system failure. The com- 
pany's booklet tells how your system works 
and how you can help it keep working. Free 


1219 Travel Computer The Interstate Travel 
Computer from Whistler is an electronic de- 
vice that lists more than 30,000 roadside 
businesses, services, and tourist sites along 
major U.S. interstate highways. Through a se- 
ries of detailed questions, the product deter- 
mines where you are located and provides both 
the distance and directions to gasoline, food, 
lodging, and service facilities. Free booklet 


1220 Deck-Care Products Two brochures are 
available from Wolman: "Treat Your Deck to a 
Longer Life" shows how Wolman products help 
restore and protect pressure-treated wood 
decks against water. "Treat Your Deck to the 
Rich Warmth of Natural Wood" shows how 
Wolman RainCoat Water Repellent gives you 
immediate water repellency. Free 
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THEINNOVATIVE ATTENTION WELDERS 
Professionals, Amateurs or Do-I- Yourselfers 
^. At last perfect straight line machine cuts using 


| a 3/8" variable speed drill and this simple 
| torch and Mig bic ATTACHMENT! 


Send check or money order 
CALIFORNIA ADD 6.5% ТАХ 
Allow 6-8 weeks for delivery 


TREASURE FINDERS, 
METAL DETECTORS 


FIND Old Coins, Jewelry, Gold oe ee 


New Patented Revolutionary 
Catalog. Gardiner Blectronics, 3131L N 35th 
Ave., Suite K, Phoenix, AZ 85017. 


VIDEO TAPES & BOOKS 
FREE LOAM MOVIES - $3.00 Cash or 


VCR CLEANING. Beautifully illus- 


trated step-bystep instructions provide pro- 
fessional results. $7.00: J.V. pe Inc. 102 
Newcomb Lane Melrose, NY 12 


VIDEO EQUIPMENT 


FREE! SPACE & SCIENCE VIDEOS 
CATALOG. Write: Space Flight Production, 
38 Brawley Ave., Toronto Ontario Canada 
М82474. 


WIRELESS CABLE RECEIVERS 
- | 1.9 TO 2.7 GHz 


VISAMC/AMEX QUANTITY — 
MEMBER OF THE BETTER BUSINES 5 ВОВЕ; 


WINEMAKING 


BEERMAKERS—Winemakers Free | 


Catalog. Fast Service, Free Recipes. 
Cellar-S, Box 33525, Seattle, WA 98133. 
800-342-1871. 


WINEMAKER—BEERMAKER: Free 
Illustrated catalog of supplies. Semplex, 
P.O. Box 11476H, Minneapolis, MN 55411. 


WINEMAKERS - BEERMAKERS - 
Free Illustrated Catalog - Fast Service - 
Large Selection - Vi Mastercard - (816) 
254-0242 - Kraus, Box 7850-N, Indepen- 
dence, Missouri 64053. 


| “GRAPE JUICE WINE" Sim le Easy 
$2.00 Sase. RHC, PO. Box 10731, Cladstone 


MO 64118. 


WINEMAKING MADE EASY No Spe- 
cial Equipment. SuperMarket Ingredient. 
Complete Method $10.00. EASYWAY, Box 


WATER PURIFICATION 


DRINK PUREST WATER! Home Di: 


tillers, Discount Prices! 800-874-9028 
WATERWISE, Box 45981, Center Hill, F] 
34514-0459. 


WORLD'S LEADING WATER AND All 


FILTRATION. Guaranteed LOWES’ 
PRICES! Free Catalogs. E-Environmenta 
Systems, Box 372, New uryport, MA 0195 


` O03/GAL. DECHLORINATED, RE 
FINED TAP WATER! Send 51. 00 Fo 
Product Brochure, (refundable). KEN’! 
APPLIANCE, 525 Verona Place, Boun 
Brook, NJ 08805. 


WEARING APPAREL 


DRIVEWAY Mechanics: Polyweave Ноос 
ed Coveralls Small eer Large 
e. White Only $4.25 pues Ha 25 ы! 

ping L^ to: JoRAY, P.O. 


Нота taiog. мо 602 Weathervance, B ass 70 DAILY Lata TA US 1748, Delray Beach, FL 33477. nette, WI 54143. 
Advertising POPULAR SCIENCE CLASSIFIED OPPORTUNITY MART Form 


10 word minimum 


BOLD FACE CAPS 
| add $1.00 a word 
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| 

| z rI - 

| [$11.25 PER WORD 
| 

| 


WORD COUNT: Each word ог initial in name and address must be counted as a word: 
John E. Jones, 345 East Main St., counts as SEVEN words. P.O. Box 3 counts as THREE 
words. City, standard 2-letter state abbreviation and zip code together count as TWO 


words. 


DEADLINE FOR ADS: See head of classified section. 
TERMS: Payment with order or charge your VISA, MasterCard, American ари or 


Diners Club account. 


Heading my ad should be under: 


! 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 1 2 

| 

| i | 
| 

| 

| 9 10 

| 

| 13 Es MESE 
| 

| 

| 17 18 

| 

| YOUR NAME 

| (PLEASE PRINT) 

| FIRM 

| ADDRESS 

| 

| CITY _ 

| DATE: YOUR SIGNATURE 


is enclosed to cover 


STATE 


Exp. Date 


11 


(PLEASE PRINT OR TYPE COPY e FOR ADDITIONAL WORDS ATTACH SEPARATE SHEET) 


DECEMBER 1990 


insertion(s) in the 


TO: Classified Advertising Dept. POPULAR SCIENCE, 2 Park Ave., New York, NY 10016. 
[] Remittance of $_ |. — 
1 CHARGE to: 


ZIP 


issue(s). 
4 
8 
12 | 
کک‎ — 
20 
PS 12/90 


| $10,000.00 MONTHLY TAKING PHO- 
DGRAPHS AT HOME! NO EXPERI- 
NCE. (213) 549-0997 (90 SECOND 
ECORDED INFORMATION). 


| A FORTUNE IN MLM! INSIDER SE- 
RETS REVEALED. FREE DETAILS. 
ARK, DEPT.SO, 10336 GALAHAD, 

EL PASO, TX 79924-2909. 


MORE MONEY Methods! 

ICROCOMPUTERS. $6.00. Micro- 
P a 2721 Canterbury, Springfield, OR 
JE 


| THIS IS IT! Moneymaking & Saving Se- 
rets! Send $5 & S.A.S.E. Jerome C. Wren, 
Box 1452ps., Union City, CA 94587. 


FREE details on how to run your own 
profitable business from home. Huge poten- 
ial! Write JSA Publishing, Р.О. Box 5806- 
25, Englewood, NJ 07631. 


MONEY $500 a day $1.00 and Sase ICW 
389 Dillingham Blvd. Honolulu HI 96817 


HOW would you like to be RUSH TO 
HES $ with this plan YOU WILL! A 
450 value for ош ee . Rush to: Dahma Inc. 


068 Lakeshore . Miss. Ont. Canada 
af 1н. 
MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, | 


onewood, tools, varnishes, parts, accesso- 
ies, strings, cases, instruments, bows. Vio- 
in, guitar kits. Catalog $1.00. Dept. PS, 
026 W. Belvedere Ave., Baltimore, MD 
11215. 


| RECORD MUSIC with COMMODORE 
8 and MIDI KEYBOARD for FUM and 
ROFIT. DISCOVER HOW. Rush Sase To- 
ay. Jim Hyde PS12, 50 Marina, Rt. 1, Boli- 
na, NC 28422. 


OF INTEREST TO ALL 


GOLD CREDIT CARD GUARANTEED 

PPROVAL. NO BANK DEPOSIT NEC- 

SSARY. CATALOG SHOPPING USA 
ROLD CARD 1-800-888-7774. 


AUTHENTIC BRITISH TITLE! Unique 
Dpportunity To Purchase British Land And 
uthentic Title For Only $75. i Air- 
nail. Send $4.95 Cheque Deductible For De- 
ails To: Heritage Direct, Box 624, Sheffield 
96 2PZ Yorkshire, ENGLAND. 


MESSAGE DREAMS are possible. 
Dream booklet gives practical guidelines in 
sking for and interpreting such dreams. 
)ne persons experience humbly offered for 
amples. $20. Heaven’ Gift, Suite 105, Box 
(76, Lancaster, МҮ 14086. 


ALL Welders, Burners, Fitters, Industrial 
orkers who work in Hot places. New Inex- 
lensive, simple way to have continuous 

esh cool air on you. 5 pound portable Air- 
onditioner. information send $5.00 - 
tamp. КТА, Box 6752, Panama City, FL 
2404. 

HIGHLY PROFITABLE, ENVIRON- 
MENTAL, Oil Change Vending Machine. 
жау Unique. Details, Plans $12.00-M.A., 
PO. Box 458, Ventura, Ca. 93001 


COLLEGE DEGREES, High School Di- 
omas. Authentic looking. Catalog. 
Jept. PS-152, National Certificate, 210 5t 
ivenue, New York, 10010 (718) 768-6803 - 
24 HOURS). 


FREE CD'S, TAPES, BOOKS, MAGA- 
INES Booklet on how others get them. 
end $6.00. Laser Tech, Dept INT, Box 1740, 
owery Branch, GA 30566. 


UNLOCK THE POWER OF YOUR | 


UBCONSCIOUS MIND! Achieve almost 
y goal. Amazing results nra quality 
UBLIMINAL tapes available. $9.00 
efundable. Subliminals, 75-5595 Palani 
td., Suite 6-163, Kailua-Kona, HI 96740 


SHIM-IT! Flat Plastic Shims dozens of 


ses scored for easy, economical installation | 


rder sample today - $2.95 (refunded with 
irst order) Send SASE - Shims, 301 LaSalle 
D8B, South Bend, IN 46617. 


OLD GOLD, JEWELRY WANTED 


TAKE NO CHANCES, Deal with oldest, 
ost reliable firm in old gold business. Es- 
ablished 1934. We buy Gold, Silver, Plat- 
num, Diamonds. Highest Cash. Free infor- 
nation. Rose Industries, 29-Y East Madison, 


a icago 60602. 


| 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, P Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 
with Information: Chicago Gold & Precious 
Metals, 10 S. Wabash, Dept. 357, Chicago, 
60603. 


PLANS, BLUEPRINTS 


| BIRD feeder plans. Simple, low cost Scout 
шк Send SASE and $1.00. Birds, 9061 
54 St, Fort Lauderdale, FL 33328. 


BUILD WOODEN 100 TAPE VIDEO 
CASSETTE SHELF. Illustrated plans and 
materials list $7.95. MTR Associates, PO 
Вох 11, Richardson, TX 75080 ` 


PLANS FOR WOODEN PLANTER 
BOXES! Make with simple tools Fantastic 
profits $3.00. Buckeye Planters, P.O. Box 
1195, Montgomery Texas 77356. 


SIMPLE Greenhouse Plans $14.00, ad 
worth $2.00 send $12.00 to: Simply Planned, 
ue t, ves О. Box 660310, Sacramento, CA 

| 10. 


FATHERS/SONS Project. Easy inexpen- 
sive to build. Toy gun. Shoots corks with laud 
pop. Full sized drawings. Instructions. $6.85. 

LARK, Box 6953, Mesa, AZ 85216-6953. 


PLANS & KITS 


DOMES by Natural Spaces. Simply the 
BEST! Call us - 800-733-7107. 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, em 
ing, fiberglassing, repairing and reproduc- 
ing with our Mold Making Supplies. С 
$2.00. CASTOLITE, Dept. 90Q/PS, Box 
391, Woodstock, IL 60098. 


REAL ESTATE 


*BUILD YOUR DREAM IN COLORA- 
DO* Build your cabin from your own trees, 
Create a pond from Crystal Clear Water. 
Harness Solar Energy from over 300 daye of 
unclouded sky. 35 Acres from $22,900. Low 
Down Easy Terms. Free Brochure Call 
Today 1-800-383-0583. Patten Land of 
Colorado Corp. 


MONTANA LAND BARGAINS: 20 Acre 
mountain parcels starting at $12,900. Call 
NOW for FREE information. 1-B00-252. 
LAND. Yellowstone Basin Properties. 


CALIFORNIA. Acreage. Lots. $50 down: 
$50 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 91423. E 


HOW TO CHOOSE AND DEAL WITH 
A CONTRACTOR By a contractor $3.00. 
Kobar Publishing Co., PO. Box 2107, Elkton, 
MD 21921. 


NUCLEAR BOMB SHELTER plans. Ex- 
tensively researched, drawn and certified by 
licensed architect. Don't be surprised—be 

repared. Send $49.00 to Nuclear Shelter 
signs, P.O. Box 568, Glenwood Landing, 
NY 11547. 


MONTANA 


| Trees, Creeks and Wildlife, 20 QUALITY acres 
| (and ир), close to Yellowstone Park, starting at 
$7,450. Easy Owner Financing. Guaranteed Ac- 


cess, Warranty Dead, Insured Title. Free Brochure. 


Rocky Mountain Timberlands 
333 Haggerty Lane e Dept. PS, P.O. Bax 1153 
Bozeman, MT 59771-1153 s (406)586-8088 


Call Toll Free: 1-800-735-6484 


RADIO, TELEVISION 


SECRET Scanner Frequencies: Federal, 
Police, etc. Free Catalog! CRB, Box 56PS, 
Commack, NY 11725. 


PRO-2004/5/6 OWNERS! 10 MODS 
with detailed instructions and schematics. 
Manual $8.95. ENGINEERING WORK- 
SHOP, Box 4176, Fullerton, CA. 
92634-4176. 


MINI FM RADIO 144'x34"x'4" incredible 
sound $19.95 Postpaid (N.A.) Rona-B, 2916 
11 Ave. N.W., Calgary AB T2N 1H9. 


REMAILING SERVICES 


CONFIDENTIAL MAIL RECEIVING. 
FORWARDING WORLDWIDE. MAIL- 
POST, 2421-5 PRATT, CHICAGO, ILLI- 
NOIS 60645 (312) 764-0100. 


bedding, coat- | 


atalog | 


_ RUBBER STAMPS 


Order “CUSTOM MADE" 


Am RUBBER STAMPS 
b (Max 30 letters per line) ea. 
55 INK PADS only $1.95 аа. 
Jopecty Color Black, Blue. Red. Green 
Add 25¢ per item tor postage 
| SATISFACTION GUARANTEED 
, FAST SERVICE - Your Order Shipped in 5 days! 


QUALITY Stamp Mfg. Box 35514-S, Tulsa, OK 74153 


oi UP TO 4 LINES only $995 
4 a 


Te = 
GUR To 

UF ee. 
p REAL 


SATELLITE TV 


SATELLITE TELEVISION DE- 
SCRAMBLERS Complete Detailed Plans 
For Home Construction By Anyone. $5.00. 


dansen Electronics, F.O. Box 25161, Seattle, 


WA 98125 


SATELLITE TV 
All MajorBrands. Lowest Prices. 


о, | 
| 


1-800-222-9064 
1741 Cedardale Rd. 
Mount Vernon, WA + 98273 


NOBODY UNDERSELLS WEST 
FREE DETAILS! LOWEST PRICES, 
LATEST EQUIPMENT. Orbitek Satellite 
Communications, Box 264, Bohemia, NY 
11716-0264. (516) 589-1292. 


Save 30%-60% 
Systems, upgrades, | 
IRDs, movers, Feeds, LNBs, | 
, 4 to 24' dishes and more... 
Names Like - 
Monterey, Uniden, Drake 
HTS, Orbitron, etc. 
800-334-6455 
' 218-739-5231 MN & INT. 
| SKYVISION INC® 
2026 COLLEGE WAY 


| R41 \ 
od FERGUS FALLS, MN 56537 
a" 


NSTALL OR UPDATE YOURSELF! 


| Satellite Entertainment 
| ALL MAJOR BRANDS • BUY WHOLESALE! 
satellite Systems * Televisions; ГГ 


$1.00/DAY SATELLITE - STOCK MARKET 

"Watch the Stocks & Commodity 
Markets - day or night. : 

* 200 Pages of Charts, News, Stocks, & 
Commodities, ETC. 

"All equipment provided FREE! Mothing to buy! 


| "Small 30° Ku-Band Satellite Dish 
*20 Day FREE TRIAL - Call now 
1-708-307-1333 
50,000 subscribers watch Data Transmission 


eve ryday n 


SCIENCE & CHEMISTRY 


200 PAGES! 1990 Catalog of Glassware, 
Chemicals, Equipment, Books, Experi- 
ments And Charts. Great For Christmas 
Shopping. Established 1970. $3.00 (US) RE- 
FUNDABLE. Analytical Scientific, 11049 
Bandera, San Antonio, TX 78250 (512) 
684-7373 VISA. 


CHEMICALS AND LAB EQUIPMENT 
Chemicals, small or large quantities, for 
your convenience. Glassware, Scales, Micro- 
scopes available. Send $5.00 for catalogue. 
Chem Lab, 1060-C Ortega Way Placentia, 
CA 92670. 


FOX Scientific Laboratory Supplies And 
Chemicals. $2.00. 4571 S Westmoreland, 
Dallas, TX 75237. 


1991 CATALOG, 200 pages. Chemistry, 


Biology, Physical & Earth Science, Nature, 
Dinosaurs and much more. Beginner to pro- 
fessional. $2.00. Merrell Scientific, 1665 
Buffalo Rd., Rochester, NY 14624. 


POPULAR SCIENCE 


MAKE SODIUM HYDROXIDE. 1.20 | 
ES David Tyler, 442 B St. Colma, CA . 


“EXPERIMENTERS” LABORATORY 
CHEMICALS - GLASSWARE, Catalogue 
$2.00 Established 1953 Hagenow Laborato- 
ries, 1302 Washington. Manitowoc, WI 
54220 | 


SONG WRITER 


POEMS—SONGS WANTED. Free 
Publishing/Promotions. Broadway Music, 
Box 7438-PS, Sarasota, FL 33578. 


SPECIAL SERVICES 


PERSONAL #800 Answering Service 
$9.50/month .35/minute 1-800-877-6561. 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 

|... SPORTING GOODS 
SKI with the patented “SURVIVAL 


STAMP COLLECTING 


DISCOUNT Stamps, ose arms Countries, 
Free List. IVA, Box 197-B, Hanford, CA 


ү 


Ке 
[ac] 


ë 


50 DIFFERENT Old U.S. Between 1861 
and 1939. $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


UNITED NATIONS 3 Mint Sets, 25g. 
Cornetta, POB 1509-P, Lake Placid, Florida 
33852. | 

BACK-IN-BUSINESS BARGAINS 
QUALITY UNITED STATES USED Re- 
quest рр Or Send Want List FREE 
SS With First Purchase POPULAR 
STAMP DEALERS ESTABLISHED 1944, 
5207 Bradley Blvd., Washington, DC 
20814-1208. 


FREE list, gift with SASE, THOMAS, 
Box 17692, Milwaukee, WI. 53217 


TELEPHONES & ACCESSORIES 


TANCE with simple telephone product. Free 
Details. P.O. Box 504, Plattsburgh N.Y. 
12903. 

CALLER ID displays phone number of 
person calling you after first ring - stores 
phone numbers of 14 recent calls. $89.95 


ppd, EDE, Р.О. Box 337 Bflo, NY 14226 (716) 
691-3476 i 


TOOLS & MACHINERY 


BOLTS, SCREWS, TOOLS, WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


SMALL FOUNDRY Furnace Supplies. 
Free Literature. Pyramid Products, Dept. M, 
3736 South 7th Avenue, Phoenix, AZ 85041. 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


——— a) 
Te Catalog $1.00 

| P.O. ВОХ 536-PS, HURRICANE, WY 25526 * (304) 562-3538 

Unimat * Compact * Maximat е Mylord е Sherline # Atlas е Jet 


STARTING AT $350 
. *Milis *Metais *Books 
‘Precision Instruments 
: х 4. Catalog $2.00 
ҹа (1000's of items) 


чс 


CAMPBELL TOOLS COMPANY 


2100P Selma Reed, Springileid, Ohio 45505 


513-322-8562 


FREE CATALOG! FAMOUS BRAND 
WELDERS, accessories and safety equi) 
ment. Weldco, 1151 Findlay Street, Dept PS. 
Cincinnati, Ohio 45214. 1-800-733-5840. 


4" METAL Cutting Lathe $118.20., Taig, 
15048 Proctor, Industry, CA 91746. 


“SHARPENERS REPORT" Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. FREE Brochure. SKOG ampa, 
ре t PS12, PO 22559, Minneapolis, M 
0422, 
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NEW TOY IDEA? Need access to toy com- | 


nies? EXCEL offers full inventor services. 
all for FREE phone consultation (612) 
934-1200 


FOR THE HOME _ 


BATHROOM RENOVATION. Profes 
sional How-To Guide: Do it right, avoid 
pitfalls, save mor $2.50. Redef Publish- 
ing, P.O. Box 2419, Westport, CT 06880. 

HELP YOUR FRIENDS FIND YOU AT 

"NIGHT. Three inch highway type, reflective 
numbers with self-adhesive for use on drive- 
way, curbstone, mailbox or home. Set of your 
numbers, $5.00, John A. Paul Company. 105 
ded Rod Road, Hamden, Connecticut 


WIRELESS LIGHT FIXTURE. Installs 
anywhere. Add safety of extra lighting о 
out-of-way places. Ideal for power nated ee 
cies. Runs on 2 “Р” batteries (not include 3) 
$3.95 plus $1.00 Shipping. Grand Rapids 
Gifts, 1735 Timberlane, Grand Rapids, MI 
49505. 


GARDEN SUPPLIES & 
EQUIPMENT 


GREENHOUSES — Redwood/ Fiberglass 
Kits. Hobby/Comimercial sizes. FREE. Bro- 
chure. GOTHIC ARCH GREENHOUSES, 
BOX 1564-PS MOBILE, AL. 36633. (1/800/ 
628-4974) 
| KEEP snails and slugs out of your en. 
Non-toxic. Details $3.00. Malone Electron- 
ics, P.O. Box 3604, Redondo Beach, CA 
90277. 


FRESH SALAD! YEAR ROUND! Grow 
herbs, lettuce, tomatoes anywhere, anytime! 
ne acked booklet howe Row Send $10.00 

hapelli Gardens, 24 Wheelock St., 
A Ber MA 01545. 


GIFTS 


UNIQUE HANDCRAFTED GIFTS 
CREATED FROM RECYCLED ALUMI. 


NUM DAMM Bi-Planes, Golf Caddies, Heli- | 


more! Free catalo 
Crafty Art, Dept. 
1858 Westwood, Stafford, TX 77477. 


А Beautiful Fiber Optic Flawer Lamp 
With Music Box 
* Magnificent colors * 
* Wind-up music box in base * 
* Standard 110v power = 
* A great, colorful gift * 


Lx * immediate shipment = 
lg Only $19.95 + $4.00 shipping & handling 
ТАС МА 
Post Office Вох 63-2286 
Mocogdoches, Texas 75963 


GOOD EATING 


YAMS'N APPLE CASSEROLE and oth- | 


| er great recipes. $4.00. BEE, Box 17658, San 
Antonio, Texas 78217. 


DELICIOUS BANANA COOKIES: 
Recipe $2.00 S.A. S.E. King, P.O. Box 4467, 
Biloxi, MS 39531. 


BEST BARBECUED CHICKEN. Hun- 


dreds have praised it as THE most delicious 
BBQ chicken they ever tasted! They urge me 
to open my restaurant, but I want to share it 
ith the whole nation. NO CHOLESTROL. 
NS PRESERVATIVES. Normal home 
ces. REAL SPICY, HOT or mild. EX- 


"EEEEMLY TASTY! Took me nine i IS | 
RANT ED 


to perfect this marinade. GU 

B YOU EVER TASTED. Send $3 with 
SASE to RICKY 3755 Avocado Blvd, Suite 
509. La Mesa, CA 92041. 


MEXICAN Green Chili and English Trif- 
fle Christmas Dessert Recipes. Send $6.00 
М.О. SASE to MSA suite 197 Box 33018 St. 
Petersburg, FL 33712 


APPETIZERS 25 best reci . Entertain 
ur guest. $5.00. Fairfield Home Living, 
РО. Box 2727, New York, NY 10185-0023 


MAGIC Cookie Bars, NO BAKE Cookies, 
MICROWAVE Peanut Brittle, Easy Reci 
Send $5.00- SASE. OZARK REC E, 0 
Box 156, QUITMAN, ARK 72131-156. 


WORLD'S MOST DELICIOUS 
Marinated Steak Tidbits, 3 Bonus Recipes, 
$3 SASE, Cash/MO M.L. Curtis РОВ 5460, 
BH, CA 90210 ' 


GOVERNMENT SURPLUS 


DRUG RAID SEIZURES! Buy dirt 
cheap. Cars, houses, boats, computers, furni- 
ture. Write: Seizures: Box 4309-YG West 
Covina, CA 91791. 
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HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1-800-323-1212 Toll Free. 


HEARING AIDS 


PRICE CATALOG. FREE! 


[| SUPER SAVINGS! Newest. Finest. All 
gy ys types. Buy DIRECT & save up to HALF! 

No salesmen. Sold by AIR MAIL on HOME 
§ TRIAL. FREE Catalog. Write: 


[| MONEYSAVERS. 
Dept. PS12D 


36658 Apache Plume Dr. 
li Palmdale, CA 83550 


ENJOY HEARING 


Aid! 
Nothing over, under or behind 


All-in-the ear Неагіп 


the ear. . . no cords, tubes or 
wires. Simple slip-in fit. Full 
range volume control. 45 d 
tial. NO salesman will call. 
Order your free catalog! Write 
Rhodes Hearing today! 


or call 24 hrs./ day 


1-800-453-4905 


RHODES HEARING 
Dept. 12M Brookport, IL 62910 


HELP WANTED 


EARN MONEY Reading books! $30,000/ 
yr income potential. Now hiring. (1) 
805-687-6000 Ext. Y-20025 


HOBBIES & COLLECTIONS 


MILITARY Medals оаа ue $1.00. 
хоре Wildom ption $8.00. S 
1560РЭ, Wildomar, CA 92395. 


HAIR CARE 


MEN'S Hairpieces—Free Catalog! T.I.D., 
2415 Main #209-PS, Stratford, CT 06497. 


HOME CRAFTSMAN 


MAKE WOODEN TOYS, whirligigs, 
door harps, dollhouses, clocks, music boxes, 
weather instruments, crafts, furniture with 

parts, kits, supplies—Catalog 
$1.00—41614) 484-4363 —Cherry Tree Toys, 
Belmont, Ohio 43718-0369. 


pus NJ 07821-0463. 


MAKE YOUR OWN COUNTRY “AN- 
TIQUES” Plans, patterns, instructions for 
200 chests, cupboards, hutches, benches, ac- 
cessories. C Treasures, Box 19A, 
Huntsville, OH 4 d. 


HOME HEATING, FUEL SAVERS 


KEROSENE HEATER WICKS Catalog 
$1.00 (Refundable), Smith Supply, Р.О. Box 
266, Childersburg, AL 35044. 


SAVE On Home Heating Install On Any 
Forced Air System In One Afternoon In- 
structions, Plans, Parts List Send $19.95 + 


$2.00 S/H. Welfab Marketing, 1377 Co. J, 


| Friendship, WI 53934. 


HOVERCRAFT 


HOVERCRAFT Plans, Parts, Catalog 
$1. т аи Hovercraft, Box 281, Cordo- 
Va 6124 


HOVERCRAFT Plans, 3 to 160 Hp. Infor- 
mation $5.00 (refundable), Sevtec, Box 846, 


| Monroe, WA 98272 
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notism. Sleep Learning Pub- 
‚ Box 487, Anaheim, CA 92815. 


FREE Hy 
lication. DL 


HYPNOTIZE Women! Gentlemen! | 
Neighbors! Even Perfect Strangers! Profes- | 


sional Secrets Revealed! Instantaneous 
Methods! Clairvoyant Hypnotizing! Som- 
nambulism! Dynamic nerd! Dis- 
cover Strange Magnetic Influence! Amazing 
Personality Improvement! Hypnotize Your- 
self! Powerful Methods! Free Cassette Cata- 
log! Addison, Box 1085, Black Mountain, NC 
28711. 


INVENTIONS WANTED 


HONG KONG factory needs several new 
products for their oversea buyers. Send prod- 
uct ideas for royalty evaluation. Can produce 
exclusively. Hongkong Plastic Metal Prod- 
ucts Company, Box 69627, Kwuntong, 
Hongkong. 


INVENTORS Your first step is impor- 
tant. For free advice, call ADVANCED 
PATENT SERVICES, Washington, DC, 
800-458-0352 


INVENTORS! EXHIBITORS:!, $6000 in 
awards for winning exhibits. Information 
412-288-1343. 


LEARN how to offer your invention for 
sale or license. Free booklet outlines pro- 
cedures, royalty rates, requirements. 
sler Sales Corporation, C-7-IW, Fremont, 
Ohio 43420 


JOKES & NOVELTIES 
FLOATING PEN with Clock, held up- 


right in magnetic field, Attractive, Black 
send $10.00. Leming, 5048-D Dover Street, 


Arvada, Colorado 80002. 


$1.00 Catalog—All-Time Favorites Plus 
New Surprises. GAGS & GIFTS ANONY- 
MOUS, 229 Main, Hackettstown, NJ 07840. 


KITES 


rKITES 


FREE COLOR CATALOG 
{ Choose from over 100 kites. 
Many unusual & innovative designs. 
| Call or write for your catalog today! 
! Into The Wind « (303) 449-5356 1 
اوا‎ Pearl St., Boulder, CO 80302 
Lo m um аш — пиш — — — ан 


KITES-Stunters, parafoils, deltas, boxes, 
more! Free color catalog. Color the Sky, 221- 
P2 Yoho, Anoka, MN 55303 (612) 427 9359, 


LOANS BY MAIL 


BORROW $50,000 “FAST”. ere 
Guaranteed. Capital, Box 561359-PS, hor: 
lotte, NC 28256. 


IMMEDIATE Loans to prede individ- 
uals refused elsewhere. Many a а in- 
cluded. Try us! Associates P3, 

Baldwin, NY 11510-9008. 


BORROW BY MAIL Get $500-$75,000 
Quickly. mois everyone qualifies! Request 
Free application. MIS Industry, Box 531, 
Bronx, 10461-0531. 


LOANS ! LOW PAYMENTS. (Example: 
$5000 Personal approximately $155/month). 
Visa/MasterCard. 516-349-0251. 


BORROW $500-$40,0001 "Overnight" 
On Signature. Keep indefinitely! Action, 
Box 5499-Y Diamond Bar, CA 91765. 


BORROW $500—$40,000! “On Signa- 
ture" Any Purpose! 97% Eligible! Free 
Application: National, Box 7627-K, Long 
Beach, CA 90807. к 


BORROW $100-5100,000. e rapes on 
Signature/Secured Immediately! Apply 
Now! 1-404-879-5514. 


VISA MASTERCARD! Despite Past 
Credit Experience! Apply Toll-Free: 
1-800-888- 
Era Bank, Somerset, NJ. 


BORROW: $100 - $100,000! Fast! Confi- 
dential. Glendale Associates, P.O. Box 
260279, Plano, TX 75026. 1-800-444-6599. 


BORROW $500-$100,000! “Immediately.” 
On Signature. Kee VL 7" Credit-2R, 
Box 1621, Spring, 


1, Extension 26. Issuer New 


ARAB BUSINESSMEN have mone te 
buy invest. m ут fees paid. IMEA! 
1290/PS1. Box З Newport Beach, CA 
92663. (714) 722- 9260. 


FREE MONEY! $300, 000, 000 GIVE. 
AWAY. Grants. Never repay. Details $1.00 
Jakla, Box 3066-P5120, Seminole, FL 34642 


$100,000 line credit without investiga 
tion! Private Swiss bank account! Othei 
financial benefits! Free valuable report 
NACC PS-12 Box 5399, Torrance, CA 90503. 


LOANS For Nearly Anything. Fast Ap 
provals! Cash 24-48 Hours! PFS, 210 Fiftt 
Ave., Dept. 1102, NY, NY 10010. 


HOW Much Money Do You Need? Simple 
Qualifying. Many Options. Unison, 217€ 
Broadway #219, NY, NY 10024. 


MAILING LISTS 


NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed O Шешип 
Seekers. Adhesive labels. 200/$8; 500/$11 
1,000/$18; 2,000/$29; 5,000/$59 QUALITY 
LISTS, Box 6060- CW, Miller dod NY 
11764. VISA/MC/COD. 800-356-6392 


NEW ACTIVE NAMES!! 
MIXED STATES! IMMEDIATE SHIP. 
MENT! Adhesive Labels — Hot Line Ор n 
tunity Seekers, 200/$10.00; 500/5 Pot 
1000/$25.00. Others. ADVON Drawer B6, 
Shelley, ID 83274, Visa/MC/AmEx; 
1-800-992-3866. 1 


FIRST ORDER "TRIPLED FREE" 
Opportunity seekers! Computerized, ad, 
hesive labels. 200/$5; 500/39: 1,000, 
$15; 2,000/$24; 5,000/$49- 10,000/$92] 
LIST-MASTERS, Box 425-Wk, Mt. Sinai 
NY 11766. Visa/MC/COD call 800-356-8664, 


ORIGINAL BRAND NEW NAMES 
from our own advertising! Adhesive labels т 


diskettes. OPPORTUNITY SEEKER: 
AND BUYERS. 200/$15; 500/$25; 1000/$35 

- СЕЕ, РОВ 448, Spokane, WA. 99210 
VISA/MC: 509-838-4164. | 


MISCELLANEOUS 


“AUTOMATE YOUR HOME!” (ILLUS. 
TRATED) GUIDE PROVIDES EASY, AF 
FORDABLE METHODS AND TIPS 
SEND $7.95 + $2.00 S&H TO: .LE.T. Tech 
nologies, P.O. Box 516302, Dallas, Texas 
75251-6302. 


MESBOT cleans after pets, plans $20.00 
Box 27556, Atl., GA 30332. 


f 6 SHOT REPEATER 

25 FT. RANGE $12.99 ea, 

12 Superfast Bands Included 

Add $3.00 S&H for 1 or 2 Gum 

М Ү reddens add wie tax 

|! RUBBERBAND GUN 
Send Check or Money order to G THINGS 

Р.О. Box 368 Oakdale, NY 11769 


RADIO 
CONTROLLED | 
CAR $19.95. 


SEND $19.95 + $2.00 S&H 
Tr ASW MKTG POB 3046, 


INNOVATIVE NEW CRAFT IDEA 
Pleasure or PROFIT. Details $4.00/SASE 
L&A, Box 4399, Tumwater, WA 98501. 


our own! ($10.) Durham Enterprises, 260 
ord Rd.. #1606, Dallas, TX 75287. | 


 MODELS—SHIPS, CARS, | 
PLANES, ROCKETS | 


STEAM ENGINE KITS power models aj 
savings to you! Send $2.00 tor catalog. P.M] 
Research, Inc., Dept. 5, 4110 Niles Hill Road 
Wellsville, NY 14895. | 


MONEYMAKING OPPORTUNITIES 


EASY Work! Excellent Pay! Assemble 


Products At Home. CALL 
EXT. 6517 


504-641-800: 


M Colorful and Brilliant 
• New Safe Low Voltage Technology 


* Produces Constant or Controlled 
Flowing Motion af Neon Light 


* Responds to Sounds, Music, Etc. 


-READY TO USE PRODUCTS- | | 


PFS20 – PLASMA FIRE SABER - 
length for bizzare special effects ... 


DPL20 - MUSICAL NEON/DANCING PLASMA — Moves to 
music and sounds... META „969.50 
DME10 = DECOR HI LITE NEON = Multicolor stiks of lite 
for the home etc., special effect lighting..................$49.50 
STIKO — OUTDOOR STIK NEON LIGHTING — For landscap- 
ing enhancing — a beautiful concept in lighting .......$49.50 


CUSTOM BUILD YOUR OWN DISPLAY 
USING OUR MODULAR COMPONENTS 


| 
Controllable energy 
s $59, 
PLUS20 = MINI SINGLE ELECTRODE ENERGIZER — 


Ignites up to 6' of tubing... Vased] -019.50 


CONT10 = MINI PROGRAMMABLE CONTROLLER = 
Adds motion to above mel PLUS20'S - includes audio 
modulation input... xis . 549.50 


MIM10 — MUSIC IN MOTION = Sets up to 40 feet of ngon 
tubing inte “motion” using music from stere or radio. Great 
for entertainment centers or large home displays .....$79.50 
NEN10 — MEDIUM POWER ENERGIZER — Ignites up to 
40' of tubing. Single or dual electrode ................... $99.50 
READY-TO-USE NEON TUBING 
Use with energizers and controllers above. 
Connect in series or parallet for different shapes and sizes. 
NE25 — 26° Length of neon tubing (specify color)...$16.50 
NE16 — 16° Length of neon tubing (specify color)...$14.50 
AVAILABLE COLORS: STARFIRE RED, PHASOR GREEN, 
PHOTON BLUE & NOVA PURPLE. 
Complete listing of products, kits, parts & accessories for 
the special display builder or designer available FREE with 
order or send $1.00 to: 


SCIENTIFIC SYSTEMS 


Dept N1, P.O. Box 719, Amherst, NH 03031 


BUILD MODEL PLANETS. Easy con- 
truction, painting. Plans $8.00. ALCO- 


ECH, Box 217, Slave Lake, Alberta 


'OG2A0 


51,000 CATALOGS listed. Sources For 
anything! $5.95 CATALOGS. Box 92452X, 
itlanta, GA 30314. 


EDUCATION & INSTRUCTION 


UNIVERSITY DEGREES WITHOUT 
LASSES. BACHELOR'S, MASTER'S, 
IOCTORATES, ACCREDITED, INEX- 


ENSIVE, FAST. FREE INFORMA- 
ТОМ. DR. JOHN BEAR, PO BOX 826- 
5, BENICIA, CA 94510. 


FREE CAREER GUIDE. Earn more 
ioney with Success Proven Correspon- 
ence. Diploma Courses. Granton Institute, 
s a aide Street, West Toronto, Canada 
5H1 


HIGH SCHOOL at home, diploma 
warded. Low ойу payments. No 
re 


lasses, information e. Phone free 
-BOO- 228.5600, or write: American School, 


ері. #347, 850 E. 58th St., Chicago, IL | 


0637. 


reblog GRADED CURRICU- 
UM. ро home study. Most afford- 
ble d mprehensive. 100 years of legal 
Wd CATALOG 1-800-826-9228. 
STONE SCHOOL OF LAW P.O Box 
30906 Dept. PS, Dallas, Texas 75379. 


FREE COLLEGE TAPE External De- 
rees Business/Public Administration LAW 
raduate-Undergraduate Financial Aid. 
i00) 759-0005 LASALLE UNIVERSITY 
landeville, LA 70470-4000. 


SUPERLEARNING! Triple learning 
eed through music! Develop Supermemo- 
'; control stress. Free—book ex 

log. LAM 450-PS10, Seventh 
venue 


NEON, BEST COURSE, WITH FREE 


IDEO. NEON, BOX 4410, AR- 
INGTON, VIRGINIA, 22204. 


& cat- | 


CAREER IN LAW ENFORCEMENT. 
How to get started - send $8.50 to: (COP), 
Box 91998, Anchorage, AK 99509-1998. 


COLLEGE DEGREE IN 
ONE YEAR! 


For undar $1,000 | got my BA at home 
through a government program. You can 
ccredited degrees in Liberal Arts, 


too! 
Business and Computers. My book guides 
your application, learning and test taking. 
Send $20: Rondout Press, 21 Ravine St. 
#202, Kingston, NY 12401. 


$21 back if dissatisfied! 


BECOME A PARALEGAL. Work With 
Attorneys. Home Study. Free Catalogue, 
800-223-4542 Dept. LP109. 


LEARN Computer Skills Fast. Proven 
Course Includes Workbook, Audio Tape, 
Practice Diskette, Free Details. Paul Warn- 
er, Box 5527 Dept A205, Hopkins, MN 
55343. 


UNIVERSITY DEGREES Without 
Classes! Accredited Bachelors, Masters, 
Doctorates. Free Revealing Facts! Thorson- 
P512, Box 470886, Tulsa, OK 74147. 


COLLEGE DIPLOMA, prestigeous, in 
Computer-Science, Management, anking, 
Sociology. BOOST YOUR CAREER. 
Distant Teachings—reside at home. AC- 
CREDITED. Successful. Low Tuitions: 1 
SEMESTERC-—3 courses, Cred.pts.—$495. 
Immediate brochure: YAACOV COLLEGE 
INTERNATIONAL, POB. 36502, 61364 
TEL AVIV, ISRAEL 

EUROPEAN LICENTIATE in Arts or 
Science and postgraduate courses including 
doctoral degrees by research. For prospectus 
send $9 to: European Programme, Somerset 
University, Ilminster, Somerset ТА19 OBQ 
England 


CLASSIC CARS 


BATTERY MASTER SWITCH 
dn 


Can fit post, 
lug or side ter- 
minal batteries 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 


——————————— 


== — ےکی 


Eliminates battery drain, prevents | 


electrical fires, provides emergency 
cut-off. 


Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. 


Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts— 12 units or more. 


am 


Hemmings 
Motor News 


World's largest collector car | 

marketp! ace | 

Cwer ESO pages cach M | 
filled with guar О! 
ads Tor eld c сат X 
ETL cess uppie ESAE mc AT 
Special int reductoryt Dor. 


NINE GIANT ISSUES 


Hemmings 
Motor News 


Box 100, Dept. ODIT, Benninglon, Vermont 0524 
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ELECTRIC VEHICLES 


CONVERT FROM GAS TO ELEC. | 


TRICITY. Illustrated step-by-step manual, 
full line of proven components, all new stock. 
= sins for catal 
e. ELECTRO AUTOMOTIVE, P.O. 
BOX Li 1113. P10, FELTON, CA 95018-1113. 


ELECTRIC, HYBRID VOLKS- 
WAGENS! FREE INFORMATION/SASE. 


CONSTRUCTION MANUAL, BLUE- 
PRINTS, $29.95. 1 (408) 338 2200 
KAYLOR-KIT, POB9400(P12) STAN- 
FORD, CALIFORNIA 94305 | 
ELECTRICAL SUPPLIES & 
EQUIPMENT 


FREE CATALOG: Save hundreds on 
oir vdd after electronic, electro mechanical, 
computer rélated hardware and com ue 
nents — including hard-to-find items. 
toll free: 1-800-776-3700. American Design 
Components/Dept. 116-120, 815 Fairview 
Avenue, Fairview, NJ 07022. 3 


SURVEILLANCE - Privacy control - De- 
bugging - Protection. (Kits - assembled) 
Large new catalog $5.00 Tri-Tron 2209F 
Lapalco, Harvey LA 70058. 


EMPLOYMENT INFORMATION 


JOBS, Any State, Any Occupation, in- 
cluding Government, State, Public. Also 


Cruiseships, Tugs, Ships Riverboats, Oil- | 
rigs. Women-Men. a month- Home | 
month. U.S.A. plus Overseas. Information | 


$5.00. Nationwide Employment, B223 Cen- 
tral, Indiana 47110. 


EASY Work! Excellent Pay! Assemble 


Products At Home. Call 504-641-8003 Ext. 
8068. 


OVERSEAS ... $30,000 - $75,000 + 
Free Report! Employment, Box 19760-FL, 
Indianapolis, IN 46219. 


$2000.00 MONTHLY Possible Assem- 
bling Products Write Homeworker Dept.- 
PS, x 5348, Toms River, NJ 08753. 


ENERGY SAVING 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND ENERGY SAVING CATA- 
LOG! 64 pages. Order from one expert 
source. Featuring Sun-Lite* for do-it- 
торе, builders, designers. Americas 

к energy saving mail order house! 

OO розра . Solar Components Corpora- 

ve PS. 121 Valley St., Manchester, 
NH 03103. PHONE 603-668-8186 


WINDOW QUILT insulating shades now | 


riced lower! Write for information. ATCI, 
BOX 875, Brattleboro, VT 05302. 


FUEL FROM ORGANIC WASTE. 
Methane digester plans, $39. SAM, Р.О. Box 
22362, Miliwakie, OR 97222. 


SAVE TO 50% Electrical Power Reduce 
Expenses While Safer! "Pamphlet" Rush 
Pom Clayco, F.O. Box 886, Concord, NC 


BE SAFE AND SAVE ENERGY. Resi- 
dential Propane Consumers Handbook, 
$5.00 to PROCHECK, HC1, Box6305, 29 
Palms, CA 92277. 


CO-GEMERATE Electricity and Profits 
Your own Miucro-utility. Free Details, 
COGEN, Box 221Р512, Addison, IL 60101. 


FINANCIAL 


DEBTS? BILLS? BAD CREDIT? No 
problem! We'll help now. ied ac- 
cepted $500-$50,000, Not a loan company. 
Free app: TCAC, Dept. PS. 400 Century 
каг South #117, Birmingham, Alabama 

15226 or call (2051 979-1400, 


NEED Cash $500.00 to $50,000.00? Debt 
Consolidation? Major Bank Credit Cards? 
“Instant Credit” Obtained by Mail - 


$3,800.00 Credit Line, No Co-Signers, No 


Credit Check! Free Information Write 
National Credit, Р.О. Box 1105, Ozark, AL 
36361-1105, Or Call 24 Hours (205) 
774-3394. Credit Ext: PS07 


CREDIT/FINANCIAL PROBLEMS? 

CAN'T get credit? Too many debts? Don't 

ant Bankruptcy? Former lending execu- 
tive book tells how to fix credit and become 
financially secure. NO GIMMICKS; NO 
FALSE PROMISES! Send $9.95, Credit, 
Box 11585, SLC, Utah 64147-0585 EXCEL- 
LENT GIFT! 
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or $37.50 for manual & | 


‘ERASE BAD CREDIT For details. PO. 
Box 504 Plattsburgh N.Y. 12903 
ol ME a Loan. p ont bes. 
$000 pay up to 15 yrs) ital - 
(404)593-0244 j 


FOR INVENTORS 


INVENTORS! Can you patent and profit 
from your idea? Call AMERICAN INVEN- 
TORS CORPORATION for free informa- 
tion. Over a decade of service 1 (800) 
338-5656. In Canada call (413) 568-3753. 


PATENT AND DEVELOP Your Inven- 
tion. Registered Patent Agent and Licensed 
Professional Engineer. Send for FREE PAT- 
EMT INFORMATION Every Inventor 
Should Have. Richard L. Miller, 12 Parkside 
Drive, Suite-N, Dix Hills, NY 11748. (516) 
499-4343. 


INVENTORS: Call TLCI for free infor- 
mation 1-800-468-7200 24 hours/day — 
USA/Canada 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 Hungerford Drive, 
Rockville, Maryland 20850. 1-800- 
148-6216. 


DEAL DIRECT VYvITH 
REGISTERED PATENT ATTORNEY 
S ГУ TT 


А. 
©” РЕЈА ЗГЕ ENGINEER 


32 YEARS OF EXPERIENCE 
U.S. & INTERNATIONAL PATENTS 


Patent and develop your idea with: 
the experience of an expert. Call or write 
for free 96 page brochure, confidential 
advice and forms for confidential 
disclosure and record of invention. 


Overseas production, prototypes 
and research readily available. 


INTRODUCTION TO INDUSTRY & MARKETING PLANS 
Also specializing in 
copyrights and trademarks 
Less than 1 hr from 
US Patent Office 
Call toll free 1-800-442-2728 ' 
MICHAEL I. KROLL 


REGISTERED PATENT ATTORNEY 
US PATENT REGISTRATION 26,755 
171 STILLWELL LANE, SYOSSET, NY 11791 
OUTSIDE USA 516-367-7777 

FAX 516-692-2787 


FREE help for inventors! No charge for 
protection forms and information kit. Affili- 
ated Inventors Foundation. 1-800-525-5885. 


PATENT IT ECONOMICALLY! Free | 
details. Licensed since 1958. Rainer Associ- | 
ates, 2008 Fondulac, Richmond, VA 23229. 


TAIWAN PATENT AND TRADEMARK 
REGISTRATION Low charges. Alfred & | 
Jason, P.O. Box 82-144, Taipei, Taiwan. 


INVENTORS! Exhibit at America’s | 
largest invention show. May 1991. | 
412-288-1343. 


“DIARY OF AN INVENTION" Lots of 
ood advise for inventors. $5.00. Included - 
E: "Probability of Success Test" Brenne- 
man Technology, P.O. Box 145, Meadville, 


. MO. 64659. 


REGISTERED PATENT ATTORNEY | 
20 years. Telephone consultation $35. J. 
Leonarz. For appointment 1-800-237-6821 
extension 532. 


CASH IN! Ideas/Inventions. Free Patent/ 
Marketing Information. Consultant, | 
1-800-48-N VENT. 


NEW! Amazing Invention Marketing 
System! Learn how to: Market An Invention 
for under $500.00. Contact foreign markets. 
Create a royalty income. System 15 taught at 
"Wisconsin Union Mini Courses" Universi 
of Wisconsin. Send $15.00: JB International, 
1503 Steensland Dr. Madison, WI 53704. 


INVENTORS! Confused? Need Нар: 


- Call IMPAC for free information package 


U.S./Canada 1-800-225-5800. (24 hours?) 


AVOID PATENTING cost and time. Reg- 
istration kit $4.95. INVENTOR'S REGIS- | 
TRY, Room C, Box 1865 Fayetteville, AR 


72702. | _ 


PRESENT IT RIGHT! Technical 
illustration/writing. Graphics. Info: R&D, | 
Box 463. Spokane, WA 99710 (509) 467 2300 


INVENTORS Free information on offer- 
ing your invention for sale. Kessler Sales 
Corporation, C-7-FI, Fremont, Ohio 43420 | 
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NAS 
CABLE BOXES 
FREE CATALOG 
1-800-848-3997 


Jerrold * Scientific Atlanta 
Marry Others 
1 Year Warranty * COD's 


ы : [oc | f "n ] 
meer IEEE nur 


DESCRAMBLER CHIP For Tocom Con- 
verter Model 5503 Vip Or 5507 $50.00 + 
SH 817-428-1656. 


DESCRAMBLERS, Converters, LOW- 
EST PRICES. CNC Concepts Inc., Р.О. 
Box 34503, Ty gal MN 55434 
1-800-535-1843 


CONVERTERS ALL MAJOR BRANDS 
INFO + ORDERS 1-800-782-0552 
FREEWAY INC. (s.m.p) Р.О. 5036 Burns- 
ville, MN. 55337 No MN. Sales 


eer Ue T TC35B Decoder | 


$12.50 "Pioneer" BC1100 inverted $10.00 out 
of a workir 
М.О. Jim Edwards, FO. Box 471, Nelson- 
ville, Ohio 45764. 614-753-4636. 


CABLE T.V. LZ 
EQUIPMENT ЕДШ 


All makes and models! Low Prices. 


4708) 

YEARS OF CUSTOMER SATISFACTION! 
Purchaser agrees to comply with all State and Federal laws re- 
garding private ownership ol Cable T V. equipment. Consult your 
local officials. 


CABLE TV SECRETS—the outlaw jut 
lication the cable companies tried to 
HBO, Movie Channel, Showtime De. 
scramblers, Converters, etc. Su pliers list 
included. $9. 95. Cable Facts, Box т1-Р8 
Pataskala, OH 43062. 


CABLE TV CONVERTERS & DE. 
SCRAMBLERS For Jerrold and Scientific 
arani Low prices, one year warranty. We 

ce. COD. Bay State Electronics, P.O. Box 
1 Boston, MA 02188 1-800-359-9606. 


CATALOGS 


FLAG CATALOG $1.00! U.S. histori- 
cal, international. Accessories. Browse 'n' 
Buy, Box 504-PS, Bohemia, NY 11716-0504. 


CHRISTMAS GIFTS 


1990 SILVER DOLLARS (Gift 
Boxed)-$15.50. 1990 Proof Sets-$15.00. One 
Ounce Fine Silver Christmas Bars-$12.50. 
UNCIRCULATED 1885-0 SILVER DOL- 
LARS (Gift Boxed)-$33.50. Please Add 
$3.00 Per Order For lage + Handling. 
SOUTHTOWN COIN, 7947 Southtown 
Ctr., Mpls, MN 55431. 


POWERFUL SCREWDRIVERS. 
ratchet type with case, 15 tips, 9 sockets, 
эч $29.95 Basic Model only $19.95. Quali- 

arketing, 4770W Belifort, Dept 129, 
Houston. TX 77035 


COINS & CURRENCY 


COINS- great gift idea uncirculated Mor- 
an Silver dollars 1883- 84-85 $79.00 ea. 

imit 6. Tom New, Box 142, Calimesa, CA 
92320. 


DO-IT-YOURSELF. 


ARROWHEAD Making. VHS $29.95 SH 
$3.50. Commons, Box 5012-PS, Central 
Point, OR 97502. 


RECORD 12 HOURS ON A SINGLE 
STANDARD CASSETTE. Voice нүче 


MINIATURE FM TRANSMITTERS! 
Trackin 
Phone ces! Detectors! Kits Assembled! 
Catalog $2.00: XANDI ELECTRONICS, 
Box 25647, Tempe, AZ 85285-5647. 
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system. Sold as is. Send check/ | 


Transmitters! Voice Disguisers! | 


_ TELEPHONE LISTENING DEVICE 


Record telephone conversations in your office or 
hom Connects between any cassette or tape 
recorder and your lelephone line. Staris aulo- 
matically when phone is answered Records both 
ses of conversalion, Stops recorder when 
phone i$ hung up. 


EACH оу Duc Ava 


Super Powerful FM TRANSMITTER 

Many limes more powerful (han other transmitters 

Transmis up fo % mie to any FM radio -Easy to 

Assemble Ka - up to QV battery [nol mol j 

| For catalog of Transmitters, Voce Scrambiers and 

other specialty items, enclose $2.00 to US! Corp 
Cali 407-775-1000 or sand $19.95 + $1.00 
shipping per itam to: USI Corp., PO Box 


PS-2052, Melbourna, FL 12902 СОО ОК. Ix" 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 

Call or send МО, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


QUARTZ CLOCK MOVEMENTS and 
supp lies! Low Frices! Yankee Ingenuity, Box 
, Altus, Ок 13522. 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION 
DATABASE CATALOG! $2. REXCO, Box 
19250, Jean NV 89019. 


BUGGED? WIRETAPPED? Find out 
fast! Countermeasures equipment catalog 
$1.00. Capri, Box 5895, Bayfield, CO 81122. 


START YOUR OWN SHOP 


epe ek 
course, clearly writ 
SELF / TAUGHT ten, with photos and 

Es xn diagrams. Four 
г af books, over 300 il- 
. lustrations. How to 
JÎ earn while you learn, 
how io set up your 
shop, where to get 
neon sign kils ready 
to assemble, where to buy wholesale materials 
in United States. Postpaid $68.00 (U.S.). Visa 
okay. (Canadian $75.00). Write for deta is. 

Peter Horsley Publications 
115 Riverbirch Cres. 

SE Calgary AB. Canada T2C 3M1 


COUNTER. 
SURVEILLANCE! (Guaranteed Lowest 
Prices! Hw Catalog $5.00 (Refundable). 


SURVEILLANCE “= ` 


PROTECTOR, Р.О. Box 520294-A, Salt 
Lake City, UT 84152. 


HELICOPTER build it yourself easy to 
follow blueprints. Information $10.00 US. 
Osvaldo Durana, Р.О. Box 220, 1411 Buenos 
Aires, Argentina. 


Thats because the color RE 


AMAZING 


| SCIENTIFIC & ELECTRONIC 


PRODUCTS 


GRAT-ANT! GRAVITY GENERATOR TT 

LC7-40 WATT BURNING CUTTING LASER 

RUBA4-H! POWER PULSED DRILLING LASER...... : 
BTCS-1 MILLION VOLT TESLA COIL ............. 
LLSI-LASER LIGHT SHOW 3 METHODS . 
EH1-ELECTRONIC HYPNOTISM TECHNIQUES ........ 88. 
EML1-LOWER POWERED COIL GUN LAUNCHER. . . 48. 
JL3-JACOB LADDER 3 MODELS . ; 
506-5ЕЕ IN THE DARK . 

LEV1-LEVITATION DEVICE . . . 


PLANS a 


FMVIK-3 MILE FM VOICE TRANSMITTER. . 
HYMTK-HIGH POTENTIAL GENERATOR . . . 
NIGSK-HI FLUX NEGATIVE ION GENERATOR 
PG5K-PLASMA LIGHTNING GLOBE 

LHC?K-VISIBLE SIMULATED 3 COLOR LASER ... 
HODTK-HOMING TRACKING BEEPER. TRANSMITTER $49. 50 
LGU6K-27 5 MW HAND-HELD VISIBLE LASER GUN. .5249.50 
BTC3K-250,000 VOLT TABLE ТОР TESLA COIL... $249.50 
G/D i063K-I0N RAY GUN, project energy without wires |. $89.50 
TKETK- TELEKINETIC ENHANCER/ELECTRIC MAN $79 50 
p" VW/PMTK-3 MILE AUTO TELEPHONE TRANSMITTER $49.50 


Е 
И 


ASSEMBLED IN OUR LABS 
q LHSTIO-INFINITY XMTR Listen in via phone lines... 5199.50 
ax] POTO-NVISIBLE PAIN FIELD BLAST WAVE GENERATOR $74.50 
GS PFS20-HAND CONTROLLED PLASMA FIRE SABER. . $89.50 
= TAT39-AUTOMATIC TELEPHONE RECORDING DEVICE $24.50 
PSPAO-PHASOR SONIC BLAST WAVE PISTOL ., 889.90 | 
cn DHETO-ALL NEW 26" VIVID COLORED NEON STICK - $79.50 
LGU29- 5 TO 1MW VISIBLE RED HeNe LASER GUN $199 50 
<= DPL1ü-MUSICAL DANCING PLASMA FIRE. ...... $99.50 


‚ | EASY PRDERING REDE: -TOLL FREE 1-800-221-1705 


HAS ON 1-603-673-4730 
OR FAX IT TO 1-603-672-5406 
VISA, MC. CHECK, MO IN US FUNDS. INCLUDE 10% 
SHIPPING. ORDERS $100.00 & UP ONLY ADD $10.00. 
CATALOG $1.00 OR FREE WITH ORDER. 


INFORMATION UNLIMITED 


PO. ВОХ 716. DEPT. FSB AMHERST, NH 03031 | 


DON'T THROW AWAY THAT USED 


COPIER OR PRINTER CARTRIDGE! 
Do it yourself REFILL IT [Tanon COPIERS 


it's Bas! | 750 

солае in eum SAVE OVER 75% LASER PRINTERS 
! ST --—— Г | 
| XP — Bru 
ке а стаса on NI 


INTO BUSIN 
INCORPORATED Order or information ASIEN woe 
a Windsor (B00) 897-9696 

: Palos fils IL 50465 "mr FAX (708) 598-803 L 


SAVE Money. Dont r eplan it- repair it 


urself with Simple Windshield Repair Kit. 
Боран» up to 6 - 1" or smaller stone cracks. 
Send $39. 95 + $4.00 Postage/Handling. 
SWR, 3426 S. Hanover Street, Baltimore, 
Maryland 21225. 


SURVEILLANCE COUNTERSUR- 
VEILLANCE EQUIPMENT CATALOG 


$10.00. EDE, P.O. Box 337, Bflo, NY 14226. 


NO HOUSE WIRING! Inexpensive IN- 
TERCOM. Uses new device (included) and 
very simple how-to-build plans. Works great. 
$22.95 MO 64 FutureTech Box 7263 Kansas 
City, M 64113. 


EXPLORE the Cult of Electronic Super- 


Hearing! SURVEILLANCE AUDIO AM- 
PLIFIERS. 8.5 х 11, x THE spook audio 
cookbook! $33 domestic PPD. Registry Dis- 


tributing, 1616 17th St. Suite 372-Z Denver, 


CO 80202 


| makes 


it stand out on the page. If you'd like | 
your product to get extra attention | 
POPULAR SCIENCE offers this | 
second color for a small premium. | 
For details contact Dorothy Ellis at 


Eu 5 . | м 
ill | = , mH i rar 
: | A m J | | | 
L L 
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INTERCOMS! EASY HOOK-UP! Audic 
Only From $99.00 Video Intercoms Fro 
$995.00. Call G&G Distributors 
1-800-852-4283. 


IS YOUR HOUSE 
UNHEAL THY?? 


The air in your house may be a threat to 
your family's health. Modem homes trap. 
pollutants like RADON, FORMALDEHYDE, 
SMOKE and TOAIC CLEANERS, 


| concentrating them to unsafe levels. 


| AHEAT RECOVERY VENTILATOR from 
| EES exchanges 


indoor air while 


conserving heating and cooling energy. 
Easily installed by handymen, it costs just 
pennies a day to run and can actually pay | 
adi itself by recovering waste clothes dryer 


* IMPROVES INDOOR AIR QUALITY 
» SUITABLE FOR 1500 SO.FT 

+ ИР TO 90% EFFICIENT 

-JUST $495, COMPARE AT $800) 

+ MADE WITH PRIDE IN USA 


ORDER TOLL FREE 
OR FOR INFORMATION 
1-800-346-0337 


or 603-532-4262 


(EES ENV | RONMENTAL 
ENERGY SOLUTIONS 
P.0.BOX 209 
RINDGE, NH 03461 


STOP GROCERY BAG WASTE wit 
Cartservation! Folding cart holds reusable 
canvas bags. Plans: $3.00 & SASE. Dot 
Vandersluis, Р.О. Box 2976-PS, Naperville 
IL 60567-2976. 


—;; LASERS —K 


-O Free Catalog! 


New Laser | Helium Neon 
Diodes $15 | Laser Tubes $25 
Complete He Ne Lasers $110 


MEREDITH INSTRUMENTS 
6403 N. 59th Ave. * Glendale, AZ 85301 • (602) 934.93 


RECYCLE WITH  EASE, BUILD 
YOURSELF THE ULTIMATE CA 
CRUSHER! UNIQUE DESIGN. IT RE: 
ALLY WORKS! Build in one afternoon 
Smash’ cans flat! For complete instructions 
with diagrams send $9.95 to JENT Enter 

rises РО. Box 3556 Fayetteville, AR 72702 
oney back guarantee. 


RECYCLING SIMPLIFIED. Easy ав 
sembly plans for inexpensive, large capacit) 
recycling center, $9.95 to: Savage/Gaude 
Design, 101B West McKnight Way, Suite 104 
Grass Valley, CA 95949 


INTERCOM. Use existing house wiring 
64113. $5.95 Box 7263, Kansas City, MC 
1l 


SPEAKER PLANS! Home and Pro 
Build Your Own and Save Hundreds. Senc 
for Information $2.50. Long Acoustics, Р.С 
Box 679, Tucker, GA 30085-0679. 


LEARN VCR CLEANING & BASIC е 
SERVICING. Save costly $5. Easy Step-by 
step instructions by following our VHS videc 

Only $24.95. F&G DISTRIBUTORS 
‚ Box 1508, Mineola, NY 11501-9998. 


RADAR collision avoidance radar for 
auto, truck, boat, rv. FREE MICRO CHIF 
included with plans $9.95. KSR Electronics 
P.O. Box 2413, Bridgeview, IL 60455-2413. 


ADD SURROUND CHANNEL SPEAK 
ERS to your present system for under $20 
Simple principle. $3.00, Surround, Erlanger 
KY 41018. 


YOR CLEANING INSTRUCTIONS 

illustrated instructions save you mon 
ey $5.0 to Video Technologies x 2308 
Hobbs, NM 88240 


GAS 40¢/GAL LESS, Profit from oil cri- 
sis illustrated manual $10 to: EPIC, Box 
1818 Minneapolis, MN 55345 


| OPPORTUNITY KNOCKS! Find FI. 

ANCIAL FREEDOM by starting your 
Home Mailorder Business. FREE 
Information. Decker Distributors, Dept. 5, 
P.O. Box 5072-360, Thousand Oaks, CA 
91362. 


$2,000 WEEKLY by mail! Americas 
astest growing home rtunity. Call (808) 
71-2403. Money, ( Box 10774, New 
Brunswick, NJ 08906. 


MAIL Delivery Contracts. Bidders Pack- 
вве Gets You In Postal Database. $14.95, 
GSH, ЕЯ Вох 1209, Pagosa Springs, Colora- 
do 81147 


| MAKE 50,000.00. in three months. De- 
tails. $1.00. Robinhood P.O. Box 651185, Salt 
Lake City, Utah 84165-1185 


BECOME A REAL ESTATE AP. 

PRAISER, Home Study. Earn Professional 

'ertification. Free Literature, 800-223-4542 
Dept. RP109. 


READ BOOKS for pay! No exp. Call 
1-900-847-7878 ($0.99/min) or Write: PASE - 
ZK9, 161 Lincolnway, Morth Aurora, IL 
50549. 


GET PAID for mailing letters! No ex 
ite: PAASE - YY7, 161 Lincolnway, Nort 
‘Aurora, IL 60542. 


NEW! GROW EXPENSIVE PLANTS. 


SELL FOR 2,000% PROFIT. Free infor- | 


1ation. GROWBIZ, Box 306-512. Seminary, 
MS 39479. 


MAKE BIG MONEY n TIC In 
INDSHIELDS AND plate glass! U] 
$75,000 yearly! Call TOLL-FREE U! & 
ANADA: 1-800-321-2597 for valuable dem- 
onstration video and FREE report. Glas- 
Neld Systems, Box 5755 CX12, Bend, OR 
08. 


ы d 


| $300 WEEKLY mailing our List adver- 
tisements from home! - Universal Lists 
#286), Box 558027, Chicago, IL 60655 


NOW IS THE TIME TO ENJOY YOUR 
REEDOM. 60-minute “How to start and 
succeed in your own business" video. Send 
T eS to Living Good, Box 3222, Estes Park, 
80517 


MAIL order bonanza selling books. 
:300,000 +. Step-by-step pus. Free. HPC, 
Box 3879. rrace. CA 90 


YOUR OWN T-SHIRT COMPANY Only 
$69.95 For info SASE International Im- 
prints POB 5368,BH, CA 90212 


PIANO TUNING ACADEMY 127175 
ermania, Alexander, AR 72002. TUNING 
REPAIRING REBUILDING. 


PROVEN ENTREPRENEUR oppor- 
unities. A Uh bos $5.00. Box 570 Low, Lo- 
st Grove, VA 22508. 


EXTREMELY PROFITABLE home 
business! $25,000 MONTHLY income! No 
investment or oe وھ‎ eia Enjoyable and 
simple. Free details. Lyons Publishing, 433 

own Center, Suite 315-0, Corte Madera, 

CA 94925 


NEW, Solid, responsive Name Lists of 
Proven Mail Order ! uyers. Guaranteed de- 
iverable. For Brochure rush Sase to: Middle 

jew Acres, 3038 Bidle Road, Dept. C, Mid- 
dletown, MD 21769-1805. 


MAKE $750.00 Next Weekend Complete 
Detailed Booklet. Send $5.95. Gallagher 
Publishing, 820 Arthur Ave., Oceanside, CA 
02051. 


LUCRATIVE MAILORDER  PRO- 
GRAM $14.95. Advanced Consultants, Box 
320628 Atlanta, GA 30092. 


HUGE PROFITS! EFFORTLESS 
WORK! Sell Information By Mail From 
our Home. 250 Page Course Completely 


Describes The Methods Used By Experts. 


bend Today For FREE INFORMATION! | 


JLC ENTERPRISES, 274 Bolton Road, East 
indsor, New Jersey, 08520. 


MAKE Hot Dog Carts For Under $200 | 


pach send $5.00 sase to: Tee Investment Co., 
P P.O. Box 2445, Kingston, NY 12401. Great 
Profit Potential. 


EARN THOUSANDS EASILY. DIS- 
COVER THE SECRET TO MONEY 
MAKING ADS. FREE INFORMATION. 
SEND NAME, ADDRESS. MILLHOUSE, 
14822  GRATTON, PIERREFONDS, 
P.Q., CANADA HSH 3P1 


BODY BUILDING, SELF DEFENSE 
COURSES 


18 inch arms in 90 days guaranteed! Send 
S.A.S.E. 44207 10TH Street, Suite 161, Lan- 
caster, CA 93534. 


BURGLAR—FIRE ALARMS 


PROTECT Yourself with Alarmlite! Take 
it with you everywhere. Built-in flashlight 
loud blasting shreik. $9.95 -- 2.00 S&H all 
toll free 1-800-688-6321 Oper. 222 Visa, 
Cheque, Money Orders 


BOOKS—MAGAZINES 


PUBLISH YOUR BOOK! Join our suc- 
cessful authors. All subjects invited, Publici- 
ty, advertising, beautiful books. Send for 
fact-filled booklet and free manuscript re- 

rt. Carlton Press, Dept. PSX 11 West 32 
Stree treet, New York 10001 


MANUSCRIPTS Wanted, all types. 
Publisher with 70-year tradition. 
1-800-695-9599. 


DON'T Get RIPPED OFF! eg x 
our Creation. 480 page manual $19 
irsch Inc., 5987 E 71st., #101, Indianapolis, 

IN 46220. 


FREE BOOKS, MAGAZINES. Booklet 
on how others get them. Send $6.00. Laser 
Tech Dept BM Box 1740 Flowery Branch, 
GA 30566 


HOW TO SAVE MONEY On Your Util- 
ity Bills. Easy, practical guide shows you 
how. Send 25e stamp for information. Re- 
source Connection, Box 1491-D, Elk Grove, Il 
60009. 


AVIATION 


 BOOMERANGS ... INCREDIBLE 
RETURNS! Worlds Best Hi-Tech Designs. 
Free Illustrated Catalog. Amazing! 


Boomerang 
LA 71201-4222. 


HOBBY HELICOPTER Ultralight True 
Helicopter-Conventional Helicopter 
controls. Simplified construction—Motor- 
cycle or Rotax engine. Information: $5.00: 
POLYNOVA, Dept. PS, Saint-Remi, Que- 
bec Canada 401, 2L0. 


MEET MANX 


YOUR PERSONAL FLYING MACHINE 


Finally, an inexpensive homebuilt helicopter. . . that makes 


| sense! Se everything you know about conventional 


helicopters. We have re-written the book on helicopter design. 

The MANX co-axial helicopter needs no tail rotor because it 
roduces no torque. Twin counter-rotating rotors provide | 
ail-Safe hover and cruise flight with no noticeable vibration. 

@ VERY EASY & SAFE TO FLY 

@ INEXPENSIVE TO OPERATE & MAINTAIN 

© 2PASSENGERS @ 150 MPH; 600 MILE RANGE 

© USES AUTO FUEL; OVER 20 CU. FT. BAGGAGE 


| © PROVEN 180HP LYC. ENGINE; FAIL-SAFE POWERTRAIN 


@ SIMPLE ASSEMBLY; 100% PRE-MOLDED PARTS 


| Learn More abou! the Remarkable МАМХ Co-Axial Helicopter. 


Semi today for free Mini-bnformatian package Enclose 52 00 (Non-US 
enclose $4 00) tor postage and handing: a 
Order the Following MANK Products: 
1 COMPLETE INFO PACK + 3 VIEW DRAWINGS 
=| TECHNICAL REPORT (must reading) 
- VHS VIDEO ТАРЕ OF MANNED PROTOTYPES 

IN ACTUAL FLIGHT TEST. ess $40.00 
J ORDER ALL (3) ITEMS (SAVE $15.00) .... £75.00 
Please send cash, check or money order [in LI S. funds drawn on 
al S bank only), No СОП. Non-US. add $9 DO postage 


Moshier Technologies 


| 334 State: Street, Suite 106, ү PS4), Los Altos, СА аа: 


HOMEBUILT ROTORCRAFT maga- 
zine. Twelve issues - $20.00. Sample - $2.00. 
VISA, MasterCard. RFI, Suite 281-PS 5555 
Zuni SE, Albuquerque, NM STARA 
(505)298- 9362. 


AIRSHIP “Very Impressive” one orn 
Ultralight. Complete information 
UPship, Route 1, Box 383, roam GA 
30233. 


B *May be flown 


Man, 1806-2 N. 3rd, Monroe, 


HELICOPTER ! 


fake- 
' кине low-cost ff ftem seat backyatd 
assembly 


without a license 
9Several helicopter 
& gyrocopter kits 
& plans available - 


[Helicopter Experimenter Book д 
Complete Kit Inkm e imu $10.00 „^^ 


a БЕ to: -A 
Riderwood, MD 21139 
Credit card БЕ line: 1-301-583-6366 


HOMEBUILT HEL ICOPTERS 


7 Models Available 


+ HOVERCRAFT 

+ GIRO KOPTER PLANS 
ж JET TIF HELICOPTER KITS 

ж CO-AXIAL HELICOPTER | 
* FULL FLIGHT HELICOPTER 


INFORMATION PACK $5.00 
includes; specs, pholos, prices 


BW ROTOR CO. INC. 


` Box 391-4 
Towanda, KS 67144 | 


BUY IT WHOLESALE 


400,000 BARGAINS Below Wholesale! 
Many Free! Liquidations Closeouts! . . . Job 
Lots ... Single Samples. Free details. 
Worldwide Быша; Вох 1409-В, 
Holland, MI 49422. 


COMPUTERS 


BUILD your own Macintosh and save 
50%. New book shows how. Free info. 
Brants, Box 68708, Portland, OR 97268. 


SAVE MONEY Install PC Harddrives, 
Modems, and more yourself. Send $9.95 to: 
Computer Consultants, (Р.О. Box 080946) 
Racine, W1 53406 for Complete instructions. 


TRIED & TRUE COLLECTION 


Mail Order companies that supply best buys | 
in all ca peas of Computer Equipment & 
P herals. Catalog compiled by Comput- 


anufacturer's Purchasing Agent. SAVE 
50% to 80% off retail! $14.95. TDS, Inc., Box 
41061, Houston, TX 77241-1061. 


SECRETS of End ng computers. Save 
$$$! Manual shows how. Free information. 
B. Bicksler, Box 637-P, Polk City, FL 33868. 


VIRUS SIMULATION SOFTWARE 
MS-DOS $22.00. UNI-TECH, POB 513, Ox- 
ford, í CT 06483 (203) 881-1102. 


VIRTUALLY ALL BRANDS OF COM- 
PUTER EQUIPMENT AT THE LOWEST 
PRICE IN THE U.S. FREE INFORMA- 
TION. B.C.S. (901) 753-1196 


REPAIR 
YOUR OWN 


IBM PC XTATo Clone 


With Professional 


TROUBLESHOOTING  FLOWCHARTS 
And TECHNICAL TIPS 


These are the documents that your 
Computer Serviceman 
does NOT want you to havel 


Send only $6.95 plus $1.50 postage 
and handling per set to: 
А k M Enterprises 
Box 2712, Waterloo IA 50704 
IOWA RESIDENTS ADD 4' TAX 


EARN MONEY WITH YOUR HOME 


COMPUTER Working with software mar- . 


keting company. Information send $1.00: 
COMPUTER, Box 1442-PS, Orangepark, 
Florida 32067. 
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STATIC ELIMINATOR WRISTSTRAP 
expandable, comfortable, 48", one megohm, 
$6. 75, Box 682, Beverly, MA 01915. 


SPACECRAFT SIMULATOR for 
IBMPC Canis with color. Dazzling 3D 
варь са lore the infinite universe. $39 

Box 161557 Cupertino, CA 95016 


CB RADIO 


POLICE—FIRE SCANNERS, CB'S 
MARINE 2-WAY, ANTENNAS, HPA, 
BOX 19224PS, DENVER, CO 80219. 


CABLE EQUIPMENT 


CABLE T.V. CONVERTERS Jerrold, 
Oak, Scientific Atlantic, Zenith, & man 
others. “New” MTS stereo add-on: mute 
volume. Ideal for 400 & 450 owners! 
1-800-826-7623. B&B INC. 4030 Beau- 
D-Rue Drive, Eagan, MN 55122. 


CABLE TV 
«BOXES" 


Converters—Descramblers 


Remote Controls—Accessories | 
* Guaranteed Best Prices * 


* 1 Year Warranty—C.O.D.'s * 
* immediate Shipping * 
* FREE CATALOG + 
| Call or Write 
TRANS-WORLD CABLE CO. 
12062 Southwest 117th Court, Suite 126 


Miami, Florida 33186 
Lem 1-800-442-9333 
VISA | 
E =] 


CABLE TV BOXES We sell only the best 
low prices, we ship COD. Free Brochure. Ace 
ucts, PO Box 582, Dept. S, Saco, МЕ | 
04072, 1-800-234-0726. | 


CABLE mM | 
EQUIPMENT 


Converters, Remote Controls, 
Descramblers, CD Players. 


JERROLD-OAK-SCIENTIFIC 
AILANTA-HAMLIN 
ZENITH MANY MORE CALI. TODAY! 
Only quality products sold 
I^ Easy to use Satisfaction guaranteed 
Knowledgeable sales staf 
Most orders shipped within 24 hours 


CALL FOR YOUR FREE CATALOG 


1-800-228-7404 SE 
MAKE THE CONNECTION 
WITH 
NU-TEK ELECTRONICS || 


5114 Balcones Wood Dr. #307 Dept. 298 
Austin, TX. 78759 


CABLE TV Converters and descramblers 
Bargain Headquarters! Jerrold, Tocom, Ze- 
nith, Hamlin, Scientific Atlanta, Oak M35B 
Only $60. Free Catalog. GCN. 1032 Irving 
ST #109, SF, CA 94122. Order Now! Visa/ 
MC/COD 800-327-8544. | 


CABLE TV convecters-descramblers 


wholesale club! We specialize in dealer sales. 
Our low 10 lot prices: Jerrold 400DRX3DIC 
$95.00, Zenith Ztac $150, Many evt 
Video-Tech, 3702 S Virginia St #160-304 

Reno NV 89502. Call today! visa/mc/cod 
800-562-6884. | 


DESCRAMBLERS: OAK M35B, 
$39.95. Also JERROLD, ZENITH, SCI- 
ENTIFIC ATLANTA, etc. Guaranteed. 
Cable Plus, 14417 Chase #481-G, Panorama 
City, CA 91402. 1-800-822-9955. 
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| "FREE ENERGY! Fuel-less Motors and | 


Generators! H&A. R2EPS, Bowling Green, 
MO 63334. 


200 SUPPRESSED/DORMAN'T 
VENTIONS! RARE 
DATABASE CATALOG! $2. REXCO, Box 
19250, Jean NV 89019. 


NEW! BUILD AMAZING LIQUID PIS- 
TON ENGINE from pipe fittings. Easy 
Plans. Free information. ABCO, Box 306- 
812, Seminary, MS 39479. 


AIR ENGINE Uses no fuel. No hoax. This 
engine has been built, it works. Recycles its 
own air. Can be used in a car or power plant. 
For detailed plans, send $10.00 to Future 
Products, 1823 Division Hwy., Narvon, PA 
17555. 


SUPPRESSED SCIENCES: Кас. 
Ethers, Tesla, Electrotherapy. Catalog $2. 
Borderlands, Garberville CA 95440-0429. 


SAVE $$$ Off Your pe Heatin xd Bill This 
Winter Send $2.00 & Sase ncompass 
International, P.O. Box 3486, rushed 
NY 12603. 


IN- 


FABULOUS SECRET INVENTIONS!!! | 


Catalog $1.00 Sunrise Box 11233 Ocala, FL 
32673 


PLANS TO BUILD AN ENERGY CON- 
VERTER to convert hydrostatic pressure 
(water weight) into useable horsepower has 
now been sent to all fifty Governors, 100 
Universities, and to 150 foreign countries. 
To get your plans send $5 (check or money 
order) to Project Alice, Box 900, Haines City, 
FL 33845 


STILL - You can construct for 
$10.00. to: D.L.D. Distilleries, 
Hwy., Watertown, CT 06795. 


PRODUCE YOUR OWN METHANE 
GAS Easily made from common items. For 
plans and directions send check or money 
order for $19.95 to: Workman Marketing 
Research Services P.O. Box 2045 Susanville, 
CA 96130 


IRAQ, OPEC! Don't buy gas! Make Eth- 
anol, Methanol, Hydrogen- use it! б0рр. $15 

aranteed! FUELS, P.O. Box 531874, G.P, 
PX 75053- 1874. 


CUT ENERGY COST. Amazi device 
you can build. Plans $4.00. Green ield En- 
terprises, Rt.2, Box 20, Trappe, MD 21673. 


. ELECTRICITY SAVINGS HAND- 


lans send 
Town Line 


BOOK, $15.00 Sestec 550 Hickman Road | 


Augusta, GA 30904 


SAVE! SOLAR! Build. MEIGHBOR- | 


HOOD STORES! Easy! $19.95 To-Ma-Bry 
Box 180271 Utica, MI 48318 


ARTS & CRAFTS 


"GETTING Started In Stained Glass" 
$1.00. Whittemore, Box 2065X, Hanover, 
MA 02339. 


ASTRONAUTICS 


30 ANTIGRAVITY METHODS! Amaz- 
ing Catalog: Send $2.00. Rexco, Box 19250, 
Jean, 89019. 


HUGE FLYING Rocket Kits. Motors. 
$1.00. HSR, Box 5127, Reno NV 89513. 


[BUILD YOUR OWN 
ROCKET MOTORS! 


e UP TO 80 F POUNDS THRUST! 
e USING MATE 
e FOR JUST PENNIES APIECE! 


Homemade rockets go logether s quick dy t Use 


homemade fertilizer'ceharcoal fuel, xdels 
Пу thousands of feet! Speeds 7 MAC HI 

Write йаг our PM ue, and rs Eis send you a 
wo a cmd lectri rockel 
igniter ND =a you how M ma ec vuourown 
homemade roche motor casings, all using 
materials you'll find around your house. 


SEND $2.00 TO: 
Dept. P512, THE TELEFLITE 
CORPORATION, 11620 Kitching, | 
Moreno Valley, CA 92387 


SECRETS 
Book, HP $9.50. Prescience Publications, 
1880 N. Morton Los Angeles, CA 90026. 


AGENTS WANTED 


111% PROFIT. Lose A Pound Each Day 
Safely-Yet Eat All You Want! New DIET 
CALCULATOR. Free information. 
800-999-1089. 
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INFORMATION 


OF UFO PROPULSION. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 
max 
6 wheel drive { V | 


passenger Ж 
models 


(2) veors-ofd and over, Please) — 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada! 


Recreatives Industries, Inc. 


60 Depot Street, Buffalo, N Y 14206 


AIR CONDITIONING 


SAVE $$ Service А/С Heater ourself, 
Easy instructions. SASE $4.00, PADA, Box 
6222, Longview, TX 75608 


` BUSINESS OPPORTUNITIES 


$1000's WEEKLY. Free information. 
We Aci at Progress, Box 93248, Los 
s, CA 90083. 


` $1804 MONTHLY! Buy/sell cars (spare- 
time). Revealing proof! Write: CODEX, 507 
Oak Drive, Fnendswood, TX 77546. 


TAKE PICTURES for profit. Camera 
Ventures, Box 771, Lamara, CO 81052. 


$1.00 POUND from "Junked" Tires! 
(Stamp Appreciated) LaVallee, 286P, Ox- 
ford, FL 32684. 


MILLIONAIRE Mailorder Expert Re- 
veals Money-Making Secrets. Free, exciting 
hour cassette: Melvyn Powers, No. Holly- 
wood, California 91609. 


$225 DAILY "CHROME PLATING” 


‘AUTO PARTS, MOTORCYCLES, INEX- 


PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285, Waldorf, Maryland 
20604, 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial, 
Box 3578-Y, Anaheim, CA 32803. 


$500 WEEKLY mailing ads. Admailers 
Associates. Box 51063, Durham, NC 27712. 


MECHAMIEREEY inclined individuals 
desiring High Weekly Profits operating 
Small Manu facturing business Without In- 
vestment write: Businesses-P, Box 9008, 
Baldwin N.Y. 11510-9008. 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold бесте. 
Free Information. апу Outlet, Box 
3300-5, Hickory, NC 2860 


RECYCLE METALS, NO, NOT BEER | 
| CANS! Eas 


$458 weekly! Free informa- 
tion, Hornsby’s, Вох 1214, Franklin, TN 
37065-1214. 


$392.00 FROM Square Foot Plywood Huge 
Demand! Revealing Proof $1.00 (Refundable). 
Woodwins, Bridgewater, Mass 02324-2299. 


$15,000 MONTHLY Income! Easy Mon- 
eymaking Plan. No Investment. McDowell, 
5529-Y, Diamond Bar, CA 91765. 


NEED ) MONEY? Free Grants, Signature 
Loans, Business Loans. Write: Action #7-Y, 
Box 5499, Diamond Bar, CA 91765. 


GIANT 


DONT BE FOOLED BY IMITATIONS! 
Build the best giant screen projection TRV for home ar high 
ulilized by SONY. ZENITH, 


nrofit-with lenses and screens 
SYLVANIA, and MAGNAVOX! Simpie construction! Ius- 
trated information. Profit plan, and complete parts catalag 
52... Money back guarantea! Earn $100 000 yearly!!! 


POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP PA 18512 


MAKE HOMEMADE BOOKLETS. 
PVE EARNED $187,000 WITH MINE. 
MONEY NEVER STOPS! Free informa- 
tion: Dasher, FO. Box 5320, Sevierville TN 
37864. 


FORMICA: Repair Burned and Dam aged 


Counterto WITHOUT . REPLACE- 
MENT! Quick, easy to $600/day. Change 
countertop Colors WITHOUT REMODEL- 
ING! ions of apartments, homes pay 


profits ышык Е Introductory package 
FREE! 206/256-9742. Introductory Video- 
tape $14. RENEW-ALL BOX 9900-SS, Van- 
couver, WA 98668. 


$40,000 ON 15 ACRE! New hydroponics 
- inexpensive, pleasant, practical! Free infor- 
mation. Planters, Box 1214, Franklin, TN 
37065-1214. 


ADVERTISE free in 550 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GÀ 
30301. 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 U.S./CANADA 
OR WRITE: GLASS MECHANIX INC., 
10170 NW 47 ST., SUNRISE, FL 33351. 


FREE SAMPLE! Miracle Polishing Cloth. 
592% profit plan! R&S, 1312-PS Washing- 
ton, St. йош. MO 63103. (314) 241-8464. 


$58,000.00 YEARLY 
BOOKLETS. 25- STEP METHOD Shows 
How! Premier, Box 544 Fox Lake, IL 60020. 


HOME Assembly Work Available! Guar- 
anteed Easy Money! Free Details! 
Homework-PS, Box 520, Danville, NH 
03819 


SPARE Time Fortune in Vinyl Repair. 
Huge demand. Exceptional Seon Every- 
thing supplied. Details free. 
trose, Chicago 60618. 


T-SHIRT PRINTING MACHINES. We 


manufacture professional single and multi- 
color screen printing equipment. Inexpen- 
sive, Brochures, Info pack $1.00 (refund. 
able). Catco, 12201 NW 35 St., #538PS, 
Coral Springs, FL 33065. 


DRUG RAID SEIZURES! Buy dirt | 


cheap. Cars, houses, boats, computers, furni- 
ture. Write: Seizure: Box 4309-YD West 
Covina, CA 91791. 


HOMEWORKERS WANTED! Immedi- 
ate Earnings!...Free Supplies...To 
Pay!...Free Details: Opportunities, Box 367- 
PS, Fryeburg, ME 04037. 


HYDRAULIC JACK REPAIR MANU- 
AL AND CATALOG $10.00. HYDRAU- 
ШС PARTS SUPPLY, BOX 4157, 
BROWNSVILLE, TX 78523-4157. 


FREQUENCY PAYS! 
Effective immediately, frequent 
POPULAR SCIENCE word advertisers 
can save money when they prepay for 


three consecutive issue insertions. 
Hate drops to just $11.00 per word. 
Frequency pays! 
For details, call Dorothy Ellis 
(212) 779-5163 or (800) 445-2714 
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MAKING 


IP, 2036 Mon- 


MAKE 35$50HH. WORKING EVE 
NINGS OR WEEKENDS in vour ow 
electronics business, Send for free facts 
MJES INDUSTRY, Box 531, Bronx, NY 
10461-0208. 


IMPORT-EXPORT op rtunity, pieni 
ble world-wide, mail order business from 
home, without capital. We ship plan for пе 
risk examination. Experience unnecessary 
Free Report. Mellinger, Dept. A269C, Wood 
land Hills, California 91367. 


SIX Dynamic New Business Plans! No big 
investment! Spare time! Write: OHA, Bo: 
24168, Jersey City, NJ 07304. 


INDEPENDENCE AND WEALTH! EX 
ECUTIVE MAILORDER BUSINESS 
FREE DETAILS. LINMARK, DEPT. 510 
10336 GALAHAD, EL PASO, TX 
79924-2909. 


STOCK CLEARANCE Sale of Co 
PE Tp Rights too's Guides 

nuals - RLDWIDE PUBLISHERS 
Box 3048-Р, 2800, Delemont SWITZER 
LAND. 


FUTURE MONEY MAKER! SUBUR 
BAM FISH FARMING; For Plans Senc 
$7.00 TO: BLHM, P.O. Box 26, Highlands 
Tex. 71562. 


AMAZING PROFITS! How-To Books 


Make yourself Wealthy. Free Information 
CA 93539. blishers, P.O. Box 4229, Lancaste 


ANY of 7 proven moneymaking plan: 
makes easy li from your own home. Lsase 
Oracle Advertising, POB 66254-B3, Albany 
NY 12206. Guarantee Offer. 


MAILORDER OPPORTUNITY: Stari 
profitable home business without ex ve 
rience or capital. Free book. Mail Order 
Associates, Dept. 689, Montvale, NJ 07645. 


PROFITABLE HOME BUSINESSES 
Free Details. NCA UNLIMITED, P.O. Box 
335, Babylon, NY 11702. 


BUSINESS OPPORTUNITY - Growing 
Industry - Excellent Return. Own Business 
Demonstrative Video & Starter Kit $10.95 
CATCO, Box 7369, Warwick, RI 02887. 

FUN WORK! Great Income. Assembl 


Products At Home. Tel: 212-978-3730 (2: 
hrs) 


LEARN Gold, Silver, Platinum, Sera 
Recycling Business. (Free) Information 
Recycling, Box 11216PS, Reno, NV 
89510-1216. 


HOW TO BUY RADIO STATIONS 
$5.95. RJM-Radio, Box 621, Cheektowaga 
NY 14225. 


$5001 DAY OPPORTUNITY! SEND 
SASE: + $1.00 TO: GREG BOOTH, PO 
BOX 17 55, PENDLETON, OR 97801, 


MAKE $25,000 MONTHLY Starting 
your own multiLevel Mailorder business 
ree info. SMF Enterprises, 2769 Charles 
Ct., Roc Rochester, MN 55901 


SENSATIONAL No Nonsense Way T 
Extra Income Free Information Sase to. R 
Klein, P.O. Box 71311 Reno, NV 89570. 


EARN $500 parttime weekly mz iling cir- 
culars. Free Details. Rush SASE. Mailers 
Box 923, Hillsboro, Texas 76645. 


TRADE SECRETS of Mailorder profes 
sional. FREE information! Alma Merchan 
dise Company, Suite 190, 2101 West Broad 
way, Columbia Missouri 65205-6018. 

FREE 30-MINUTE CASSETTE TAPE 
has taught óver 50,000 people how to earn : 
solid income without жик уын products o 
companies. For recorded message call (708: 
895.4317. For FREE TAPE call Secure 
Independence (800) 426-2751. 


BE your own boss! 1001 fast, easy ways t 
make money! Free! Rush name, address 
Money Making, Dept. PS, Box Z, Studio C ity 
CA 91614. 


CASH POOR? - NO MORE! This Works | 
Free Info. Box 342 Willoughby, OH 44094. 


PROFITABLE, UNUSUAL, useful elec 


tronic devices. Free details. Compute, POE 
7247(P21), Naples, FL 33941. 


MONEY NOW For All Your Dreams. Free 
Details. Books, Ete., 1931 Wilson # 312-P12; 
Batavia. IL 60510. | 

ALUMINUM SCRAP- Recycle Yourself 
—MAKE UP TO $25.00/ POUND! FRE 
Information: Industrial - Р51290, Вох 127. 
Alexandria Bay, New York, 13607. | 


Classified Opportunity Mart 


teach 4.4 million readers every month with an ad in Popular Sciences 
Jassified Opportunity Mart. February '91 Issue Deadline (on sale 
anuary 15) is November 19. Rates: $11.25 per word. Min. ad 10 words. 
Jarker type (Bold) words $1.00 per word extra. Display Classified: 
625 per inch. Payment with order, or charge your Visa, MC, Amer. 


ABLE IM: 


DESCRAMBLERS 


FRROLD $105.00 
RIMODE $119.00 
[АМЫ $102.00 
CIENTIFIC- 
TLANTA $140.00 
AK M35B $99.00 
ENITH $185.00 | 
AANY MORE... CALL OR WRITE FOR 
REE FAST INFORMATION. 
‘OUR BEST BUY'S & WARRANTIES 
'OR CABLE CONVERTERS AND 
J)ESCRAMBLERS START WITH A 
REE CATALOG FROM: 

M.D. ELECTRONICS INC. 

875 SOUTH 72ND STREET S. 

OMAHA, NE 68114 


ORDERS AND CATALOGS CALL 
TOLL FREE 


|-800-624-115C 


- cop [Zi 
FOR INFORMATION PLEASE CALL 


(402)554-0417 


1 ORDERING CABLE TV ECLIPME NT FROM M D. ELECTRONICS THE PUR 
HASER AGREES TO COMPLY WITH ALL STATE AND FEDERAL LAMPS ; 
FGARDING PRIVATE OWNERSHIP OF CABLE TY EQUIPMENT, F YOU ARE | 
MEG OF THERE LAWS CHECX WITH TOLA LOCAL DEF ICAL 3 


. $11900 | 
COPY GUARD $59.95 


STARGATE... $99.00 


X TOP JAMMIMG 


If you rent video tapes they're 
jamming you Loo. 
‘hen playing back rented movies you will notice 
anoying flashes, streaks, jitters ect. This is caused 
y copy protection jamming embedded in the video 
he Video-2010 will spot and completely eliminate | 
[acrovision and all current copy protection and 
miming giving you a crystal clear picture. | 
uaranteed eliminates all copy protection 
Completely automatic no adjustments. 
Digital state of the art. | 
Wo Sj on all TV's, VCR's, Beta, Cable. 
Order toll free EEA 


_1-800- 024 zm 


Lall or write for your free catalog 
-554-0383 

Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114 


FE UY ARCHERY WORLD 


isa би 
shaw, laminated heal-cured suspensien fiberglass) FUUM 
` Fibertie glass stock, die-cast ally nose nos. front / rear 
sel micra-adj, sites, wind / МЕМ, Iaisafe triggar. salety bras 
rio chi 


DON Must be 3 ing Broadhead 55088 $35 
7-day Salis. Ya NO COD ORDER NOW! WE'LL SHIP SEAT | 
BEAR ete CALL рони or Lane 270264 


CABLE TV DESCRAMBLERS! 
BARGAIN HEADQUARTERS! 


eJERROLD™ «ТОСОМ *HAMLIN 
*OAK *ZENITH 
eSCIENTIFIC ATLANTA 


6 month warranty! We ship C.O.D.! 
Lowest retail/wholesale prices! 
FREE CATALOG: 

Global Cable Network 
1032 Irving St. Suite 109-E 
S.F, CA 94122 
NO CALIFORNIA SALES!!! 


| ORDER TODAY! 1-800-327-8544 


Cable TV 


IDescramblers 


If you find a better deal, 
we'll better our deal, 
“Jerrold *"Tocom “Hamiin “Oak 
*Sclenltific Atlanta “Zenith 
Ask about our extended warranty 
program. 


COD, Visa, M/C welcome. 
Free Call — Free Catalog. 


Video Tec» 800-562-6884 


2702 S. Virginla St., Ste. 160-304 
Reno, NV 89502. 


AUTOMOBILES 


VAPOR Carburetor Triples MPG. Free Infor- 


mation. H&A, R2PS, Bowling Green, MO 


63334. 


SAVE $100'5! PROVEN method for 
Carburetors could DOUBLE mileage, no 
power loss. EASY, INEXPENSIVE 
installation. Call 1 (900) 321-4100, ext. 29, 
only $2/minute. 


BUILD A BIKECAR w 
The Amazing Mini Car You Can 
Build with Bicycle Parts! 
Electric Motor 
and Pedal 

Powered! 

Fun to m 
Fully "eere & Detailed eb, 


PLANS $11.95 
Satisfaction Guaranteed ar Foor Моге 


BIKECAR CORP 
P.OBox 7077-5 
Endicott, NY 13760 


GOVERNMENT SEIZED Vehicles um 
$100. Fords. Mercedes. Corvettes. Chevy 
Surplus. Buyers Guide (1) 805-687-6000 
Ext. 5-20025. 


PRACTICAL FUEL SAVING jor Carbu- 
retors and Fuel Injection. Free Details, 
Eagle Research, 1-800-663-4758, 1-604- 
426-7229. 


CARBURETOR ENHANCER. Can . 


ower. Free 
-667-1192. 


double mileage, retains full 
Details, CARB-TECH. 1-80 
1-(604)-489-5187. 


DRUG SEIZED Mercedes, Fords, Por- 


ches, Vans, Trucks, houses: Write: Seizures: | 


Box 4309-ҮА, West Covina, CA 91791. 


FUEL CONTROL ADJUSTS CARBU- 
RETOR, AS YOU DRIVE. Better Mileage, 
Racing. Easy installation. Cagle 
800-327-7501. 


$225 DAILY "CHROME PLATING" 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285, Dept. S, Waldorf, Mary- 
land 20604. 


40% MOTORFUEL SAVINGS using 
emissions! Skepticism? - Costly! FREE RE- 
PORT: Box 497-A Trail, B.C. VIR 4L7 


STOP AUTO THEFT with a flip of a 
switch. Plans for two types of systems that 
cost about $5.00 in parts. Easily installed. 
Send $5.00, Box 962, Syosset, NY 
11791-0962 


[5559 5. THOUSANDS 
SAVE THOUSANDS. 


"ON NEW CAR De OR LEASE | 
BEAT DEALERS AT THEIR OWN GAME ! 
Send far the ultimate guide to proven 


methods on successful negotiation. 


Team Concepts 


11.95 p 5140 Dept. S18 | 


i Glendale Heights, IL 
| 60139 - 


DEAL WITH THE DEALER Actual cost 
auto dealers pay-computer pratis free in- 
formation 612 777-8720 


GASOLINE SUBSTITUTES. Backyard 
ALTERNATE FUELS. Plans $9, catalog 
$1. EnviroFuels, Box 266151-SM, Houston, 
TX 77207-6151 


AUTO SUPPLIES & EQUIPMENT 


CORVAIR 
We stock over 8000 parts in 
our giant 400 page illustrated 
e Rushed - 4 .00 
CLARK'S CORVAIR PARTS. INC. 


Rt 2,Shelburne Falls, Ма.01370 
_(413)625-9776 


ALTERNATOR Generator Rebuilding 
Book. Price: Hedelund, 7505 Barkentine, 
LasVegas, NV. 89128. 


POPULAR SCIENCE 


Exp., or Diners Club Account (give # & exp) Advertisers using box 
number in ad must furnish name & street address for our records. 
Send order & remittance payable to POPULAR SCIENCE, Classified 
Dept. 6C, 2 Park Avenue, New York, NY 10016, 212-779-5163. For 
advertising Information call 800-445-2714. Fax #: 212-779- 5568. 


CORVAIR PARTS - over 8000 COR- 
VAIR Parts in 400 page illustrated catalog 
$4.00. Clarks CORVAIR Parts, Inc. Rt. 2, 
Shelburne Falls, MA 01370. 413-625-9776. 


REMOVE SALT, MUD. UNDERBOD'Y 
PROTECTION. Plans, $3.00. HiPressure 
Autowash, Box 6211, Newport News, VA 


| 93606. 


WORLD'S SMALLEST CAR ALARM 
Durable. Easy Installation. Complete Sys- 
tem $29.95! World Alarm Systems, 2418 
Juan Tabo, Albuquerque, 87112-1818 


BETTER HEALTH 


BUILD BIGGER! POWERFUL 
MUSCLES, FAST! FREE BOOKLET, 
HERCULES BODYBUILDING, 1223 
Borg-S, Temperance, MI 48182. 


ACUPUNCTURE without needles! Pain 
relief from arthritis, headache, neck & 
shoulder pains etc. $119.00 + 2.00 S&H. 
Call toll free 1-800-688-6321 Oper. 222 Visa, 
Cheque, Money Orders. 


SCREEN ELF mounts atop computer 
monitor and electronically protects user 
from harmful radiation. $99.95 Free litera- 
ture Zenion Industries, 5430 Commerce, 
Rohnert Park, CA 94928. 800-477-5297. 


woe 2 in 1 Milligauss Meter, 60hz and 

mputer monitors. 0-10, made in USA. 

$14 .00 ppd (48) Fla res. add sales tax. 

Investment Tooling Inc. Р.О. Box 14122, 

Bradenton, Florida 34280 SASE for infor- 
mation sheet. 


COMPACT bathroom scale $35 postpaid, 
money back guarantee, Remit to Health 
Products, Ltd., 155 Robins Rd. #156, Hia- 
watha, lowa 52233. 


BOATS, INBOARD & OUTBOARD 
. MOTORS - 


BOAT KITS—PLANS—PATTERNS— 
CHOOSE FROM HUGE SELECTION— 
8'/70'. — Powerboats — Sailboats — 
Houseboats — Rowboats —- Hydroplanes — 
Tunnelhulls — Duckboats — Canoes — 
Kayaks — Dinghies — SUPPLIES — 
Epoxies — Fiberglass — Foam — SEND 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5.00 airmail) —Book “Amateur 
Boatbuilding” $6.00—CLARKCRAFT 16- 
S Aqualane, Tonawanda NY 14150. 


EVINRUDE—_OTHER BRANDS 1989 
BARGAINS ... All Sizes... $2.00 Han- 
dling. Scott McCulloch parts ... Electra 
Marine, 610 Merrick Road, Lynbrook, 
New York 11663. (516)599-3003. 


BOAT EE Е 
Hundreds of Proven Desi — wake OF — 
Hydroplanes — Canoes — 
boats — Duckboats — Dories — gom аш — 
Sailboats — Houseboats — Sportfishers — 
Latest Technology/Simple — Stitchenglue. 
168 page DESIGN BOOK — $4.00 AIR- 
MAIL. Includes FREE "Boatbuilding Sup- 
plies" catalog. Book: 312 page BOAT- 
BUILDING WITH PLYWOOD, NEW 3rd 
Edition ONLY $25.95. GLEN-L, 9152 Rose- 
crans, Box 1804/PSZM, Bellflower, CA 
90706. 


ALTERNATE ENERGY 


SOLAR CELLS 


If you want Solar Electricity at the уну Best 
neess send $3 for our i ا‎ catalog 
of New & Surplus Solar Electric panels, 
calls, inverters, controllers, books, and 
related technology for independent power. 
| APPLIED PHOTOVOLTAICS 
Box 2773, Staunton, VA 24401 
"Bringing tha cost of Solar Electricity 
down to earth." 
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Train 
FAST 


at Home! 


If you enjoy fixing things, you're a "natural" 
о male hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there's 
only one Locksmith for every 17,000 people! 


COLLECT CASH PROFITS ALMOST AT ONCE! 


You're "in business" ready to make $10 to $26.00 
an hour a few days after you begin Foley- 
Belsaw's shortcut traimng. Easy illustrated .les- 
son. complete with ALL practice equipment 


€ ALL TOOLS YOURS TO KEEP 

€ KEY MACHINE YOURS TO KEEP 
@ EXPERT PERSONAL ASSISTANCE 
© BUSINESS-BUILDING HELP 


THIS DO-ALL PRO 


KEY MACHINE YOURS 
TO KEEP! Й 


| "Can add | add $50 
"to $100 a week 
' to your in- 
come... and 6 
doesn't cost 
you a penny 


© 1990 MVTC, INC. All rights reserved. ^ 


AWAY 

Get yourself a Kryptonite* Car Lock. So when 
a guy with a door jimmy in his hand and hot wir- 
ing in his heart looks in your car window, he'll see 
that yours is one car he wont drive away with. 

Order toll free. 1-800-225-5669, dept. 595. 
Or send $89.95 (MA residents add 5% sales tax) 
to: MVTC INC. 95 Freeport St., Boston, MA 02122. 
We guarantee it. If your car is stolen while locked-with 


our car lock, we pay up to $500 of your auto insurance 
deductible. Call or write for details. 

The Kryptonite Car Lock qualifies for auto insurance Mi 
rate discounts in some states. Ask your insurance 
agent. р 


KIYDTOMRTE.. — = 


Available in black, blue, red and yellow t 
Made in the U.S.A. 


THE TOUGHEST LOCK ON THE STREET. 


| KRYPTONITE 
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This VET Did It - and YOU 


“War inju ries left m 


adly 
nate | I'm a financi 
as a Locksmith 
ur training 
Work is fascinating. 
| do it anybody can. 


Glen Johnson 


Make Up to $26.00 an Hour — even while learning! 


Be a LOCKSMITH 


Bi 
enable you to get your share of this always- 
profitable business. Hundreds we've trained 

да doing it. So can YOU. 
MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 

N. Hunt, Wilmington, Dal —'‘'| make $50 a 

week extra 

R. Davis, St. Louis, Mo.—‘'! cleared $110 last 

Saturday." 

Ed Boyle, Pittsburgh, Pa.—''My business going 


FOLEY-BELSAW INSTITUTE 
6301 EQUITABLE RD., uis 11907 
KANSASCITY, MO 64120 


Rush FREE book, "Keys to your Future.” 
Name 
Address 
City 
d Tp EL шш D иш иш ий 


Can Do It 
Too! 


me 
handic PR вв 
thanks to 
Besides, the 
if | can 


n, La rned, Kan. 


ing spare time—or in your own full-time 
business. Ideal for retirement—good jobs, too. 
FOLEY-BELSAW INSTITUTE 


6301 Equitable Rd., Jep! 
Kansas City, MO 


е 


at top speed. I'm moving to bigger quarters,” 


State. — Zip 


It happened to us once.. 
It can happen 
again . . . 


SAVE MONEY 


WITH A 
WOOD 
FURNACE 


Charmaster Products, Inc. 
2307 CHighway 2 West 
Grand Rapids, Minnesota 55744 
218/326-6786 


A catalog of five totally unique 
wind enargy converters. 

Each one a revelation of presently 
unapplied physics never publicly 
available prior to this publication. Sur- 
vival period and performance exceeds 
all present windmills. $15.00 for pro- 
fessional illustrated explanations. 

ARIEL 

Box 2517 

Acton, MA 01720 
all rights reserved 


DESCRAMBLER LIQUIDATION! 
FREE CATALOG! 


Hamlin Combos $44, Oak M35B $60 (min. 5), etc. 
WEST COAST ELECTRONICS 


For Information: 818-709-1758 
Catalogs. & Orders: 800-628-9656 


Ё Safe! Full size. Zinc al . Realistic. 
р Over 30 parts. Cannot c 


CABLE TV EQUIPMENT 


LOWEST PRICES 
HIGHEST QUALITY 
JERROLD - OAK - SCIENTIFIC ATLANTA 


HAMLIN - ZENITH - PIONEER 
MANY MORE CALL TODAY! 


Y Only quality products sold V Easy touse Bi 
VSatisfaction guaranteed ¥ Knowledgeable sales staff 
¥ Orders shipped within 24 hours | 
CALL OUR 
LOW 
LOW 
PRICE 
HOTLINE TODAY 
MAKE THE CONNECTION TO 
NU-TEK ELECTRONICS |] 
5114 Balcones Wood Dr.#307 Dept.29 
Austin, TX 78759 


FREE 
CATALOG 


FREE 
CATALOG 


with n Badge A Minit 


Yes, it's really possible by making 
and selling bright, colorful Badge- 
A-Minit buttons. Buttons are 
proven money-makers at fairs, 


| flea markets, conventions, or 


anywhere people congregate. 
They're fast and easy to make 
with Badge-a-Minit and 
inexpensive! 

Send for a FREE Full color 
catalog and idea book, or 
send for a Starter Kit, only 
$29.95 plus $1.75 shipping 


(IL residents add $1.87 tax) 


BADGE-A-Minit, Dept. PF51290 


348 North 30th Rd., Box 800, LaSalle, IL 61301, Phone (815) 224-2090 | 


OWN YOUR OWN HOVERCRAFT 
The ONLY TRUE All Terrain Vehicle! 
SCAT HOVERCRAFT, INC. FLY 
The largest manufacturer Over Land, Water 
of recreational Ice, эн о 
Hovercraft in Cushion 
the world 


: of air | 
"EXCITING VIDEO 
AVAILABLE" 


Call 
1-305-691-5100 


For Free Information 


SCAT HOVERCRAFT, INC. 


DEALER INQUIRES INVITED 
6865 N.W. 36 Ave. 
Miami, FL 33147 


Great For Northern Climates! 


са®®` passi. GREENHOUSE PLANS! 
30° Outside Built For 


ELD 
Without Heaters ` Under $1500 


MAKE to == 000 Yearly With 
A SINGLE GREENHOUSE! 


See Our Book on a 100% Money-Back Guarantee! 
Secrets to a Successful Greenhouse Business 
and Other Profitable Horticultural Projects 
11-Section manual by ane ot Florida's largest growers-T.M. Taylor. Complete 
step-by-step details on how fo make $25,000 in three months with one | 
greenhouse growing foliage plants, herbs, annuals or Hydro. vegetables 
Fun, easy plan їп success. Rewarding and satistying work. 119-Page book | 
includes... | 
ж ьс planis and how fo grow Them 
ж Soil mines. га insect conii 
= Growing Lor chains and bogal mares 
+ 1950 Nationwide Plant Шыга Lest 
+ (setting standing orders in advance + Specialty Crops in huge demand 


Send $19.95 + $2.00 Shipping to: T.M. TAYLOR CO. 
P.O. Box 500544 - Dept. S, Malabar, FL 32950 


70° Inside ac x8 


a Preceng, boximg, shipping and billing 

a Where 13 ger варе and sales вао! 
в (Computers Бен вандра п, advertising 
z Lions. Permits, Ragulatians 


HISTORIC jij 
NON-FIRING MODEL GUNS.. 


real ammo. Assembled. FREE Catalog. 


Tol Free 24 Hrs. |V 
L 8 B иш 


SINGERS! , | [PROTECT YOUR VALUABLES Н 


REMOVE VOCALS 
RECORDS AND CDs! 


The TRACE MARK im | 
presses your identifica- 
tion code discreetly and 
permanently in most 
firm surfaces. Magnifi- 
cation reveals a clear 
impression for positive 


World's 
Largest 
Manufacturer 
Of Portable 
Sawmills 


ID. Recommended by 
police and insurance 
» ; companies for: 
ос еар Е E • cameras ә jewelry 
А Unique Gift tem * electronics * firearms 
* etc. 
p MICROSTAMP CORPORATION 
$- 2770 E. Walnut St. Tel. (818) 793-9489 


* Pasadena, СА 91107 Fax. (818) 793-9491 


JUR DWN SAWMILL 


Four Modes To choose From 


1(800)553- 0219 


SING WITH THE WORLD'S BEST BANDS! | 
In Indiana ) (317) 271-1542] 


stereo records bed E d or perform ће M د ڪڪ‎ —ÀÁ и, рае сао oc VIBÁ 
your Master 

Mt озы easily m CERE stereo. This FOR SPEEDIER DELIVERY А to order our а - 

oduct fach wed А demonstration video-$10.00 5 Юй 
рое N dep rough dealers. Call or write for a | PLEASE USE YOUR Wood-Mizer Products, Inc. e Dept E52 = 
d s н нега ; | 8180W. 10th St., Indianapolis, IN 46214-2430 
LT Sound, Dept.PS-3, ,7980 LT Parkway | 
Lithonia, GA 30058 (404 2043304 


24 HOUR PHONE DEMO LINE: (404/45 77288 STOP WINDOW HEAT LOSS WITH LOW COST-EFFICIENT 
ENERGY ARSENAL WINDOW INSULATING SYSTEMS . 

| Stop Window HeatLossEven | Interlocking Fastening 

If You Have Storm Windows! System 


+ ж ж ж PRESENTING ж ж 4 жж 


CABLE | 3 With the low cost-effective Heat Window 11 | A quality way to seal off win- 
DESCRAMBLERS. | av nie Window Insulating Sat dowsanddoor openings. This 
. : ! Energy n i tems stops | , will work with any film from 1 
ой 28.55, STAR RING ETET 8 | д | cold air infiltration and prevents excessive heat to 4 mils thick. Comes with a 
JERROLD, HAMLIN, OAK QU | loss for less cost than window systems that cost f foam self adhesive attached 
AND OTHER FAMOUS MANUFACTURERS Гаа. ў many times more. By creating an insulating pocket v2-4 to bottom portion. Installs on 
* FINEST WARRANTY PROGRAM AVAILABLE at / | of air, you can keep your living and working areas trim or frame and can also be 
* LOWEST RETAIL/ WHOLESALE PRICES IN U.S | aH | comfortable with lower thermostats to save on | painted. No special skills or tools neaded to 

a ORDERS SHIPPED FROM STOCK a aw 24 HOURS | | = heating costs. install. Comes in white - brown. 
FOR FREE CATALOG ONLY 1-800-345-8927 eee = I— This system uses ап interlocking fastener thatis} 25 Feet long/Stock #FS-101 $ 6.95 
FOR ALL INFORMATION 1-818-709-9937 р, =y 1 positioned on the window trim in a matter of} 50 Feet long/Stock KFS-102 $ 12.95 


75  Feetlong/Stock #FS-103 $ 17.95 
100  Feetlong/Stock #FS-104 $ 22.95 | 
Please note color, white or brown. 

Comes in lengths 26" long. 


Heavy-Duty Interlocking 


, Fastening System... 
Same design as above but| 
wider on bottom and heavier | 
in gauge. Made of PVC for 
outside use. Has self adhe- 
F-3"'—4 siye or can be nailed or stapled 
Comes in white or brown, holds 1 to 6 mils 
plastic. 

25  Feetlong/Stock £HFS-201 $ 8.95 
50 Feet long/Stock #HFS-202 $ 17.95 
75  Feetlong/Stock #HFS-203 $ 26.95 
100 Feet long/Stock #HFS-204 $ 35.95 


7) Double-Sided Acrylic 


У Fastener tape... 
Developed for inside storm window 


minutes. The 100% clear window film is snapped 
into place between the two fastening interlocks, | 
thus forming an air-tight seal. 

COMPLETE KITS - NOTHING ELSE TO BUY - WHITE OR BROWN 


` PACIFIC CABLE CO., INC. — 
7325'4 Reseda Blvd., Dept 1450 
' Reseda, CA 91335 | | 


1009 78А Fastnar [25 longe 75 Fl. Fastener | 2F long + 75 FL. Fasten 
Stock #iF-100 $22.05 Stock HF-200 $26.95 | Stock HF-300 $20.95 


50Ft. long + 150 Fl. Fastener | БОР. long + 150 Ft. Fastener SOF. lo +150 FL. Fastener 
Stock #1F-101 $41.95 Stock HF-201 $43.95 HF $50.95 


TS FL. long + 200 Fi. Fastener 


Item #06331 


Heat Wind ow Plastic Film 
This high quality plastic film has been developed 
especially for storm window applications. It's 100% 
optically clear - durable and strong with a high- 
tensil strength. This is an inside gauge film that can 
- be used with excellent results. This film can be 
3 tightened with a household dryer. 
CHOOSE FROM MANY SIZES AVAILABLE 


| 1/2" wide X 110 Ft. long 
Stock FT-101 $4.95 


. Send For Our 
Ран КАПИ Сн Тар: Free Catalog 


On Window Insulating System . .. 


Camera/Binocular Strap 


A fast and easy low- cost effective window ORDER TOLL FREE 
i У j | : sealing system. Our Heat Window can't be beat. | | e: 
Sip Sr spin. Сре и Stop cold air initration = stals in minutes rom] VISA - MC - AMEX 
soft, durable neoprene combined with the inside - 100% crystal clear - shrinks tight with 1-800-325-2826 
as uu ET ros hair dryer. No tedious measuring or cutting. Uses} "ооо" T 
reduces the aggregate weight of camera | Comes in a complete kit nothing else to buy. Minimum Charge $ 15.00 
1 ^ Р ы zu 1 | -— rcc rn лат E LEE E 
ME binoculars by 20%. Designed for you | еттеп + Taps SFL long + TSFI. Tape SH. long + 75 F1. Tape Energy Arsenal - Dept PS-12 
in bright red with white lettering. Only IE a | i жатка: PLUS | Р.0. Вох 2792, Ivyland, PA 18974 i 
OTY & 


50 FI. +150. Таре | SOFI. long + 150 FL. Tape 50 Fi. er Tia 
| Stock $19.95 Stock -202 $20.95 Stock 2 $25.95 

TS Ft. long « 225 Ft. Tape | TEFL. long + 225 Fi. Tape | TS PI. long +225 Fl. таа 
|| StockéHW-103 $26.95 .— зааны LI] 


TY d 
STOCK! — CDLOR PRICE 


| $14.95 or buy two for $26.95. Use 
MasterCard or Visa or send a check or 


money order. Please include $3.00 for | 
shipping and handling. Residents of SHIPPING RATES AND PRICES 


= | J MC 
CA, CT, IL, MA, MI, and NY must TotaliorMerchandiss | upto | 10.01 | 15.01 | 20.01 | 30.01 | 35.01 | 45.01 | over || 2 e 
10.00 | 15.00 | 20.00 | 30.00 | 35.00 | 45.00 | 99.00 100.00 | [Tora | M babii 


PA add 6% sales tax 


include applicable sales tax. Allow 2 to 
4 weeks for delivery. 

Order Today 

Call 1-800-447-7868 

Mail to TMM by Mail, Dept. 061105 
280 Summer SL, Boston , MA 02210 


Sm e n SIRI 


OUR GUARANTEE: -a "MEME EM 


МАМЕ 
ratum the unused portion within 15 days fora complete refund less postage and handling. | ADDRESS Sa) | 
ie Energy Arsenal - Dept. PS-12 اا‎ STATE IP CODE 


P.O. Box 2792, lvyland, PA 18974 А MINIMUM CHARGE ORDER 15 $ 15.00 
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‘TIMES MIRROR MAGAZINES 


is pleased to announce a Retail Display Plan available to all retailers 
interested in earning a display allowance on POPULAR SCIENCE. 
‘To obtain further details and a copy of the formal agreement, please write | 


to I.C.D., 250 West 55th Street, New York, NY, 10019, Att: RDA 


Manager. Under the Retail Display Plan, in consideration of your 

| acceptance and fulfillment of the terms of the formal contract, you will 
receive a display allowance on each copy sold by you. This plan will 

| become effective with all issues delivered to you subsequent to the date 
your written acceptance or the formal Retail Display Agreement is 
received and accepted by our company. This offer is valid in the United 


; YOUR 
/ ENGINE 


. NOW'S THE TIME 


. „= wasting Н.Р. 
e Stop wasting gas 
Let FluroCote give you longer 


engine life. . . lower maintenance 
| costs. . . delay costly overhauls. 


RACE TRACK PROVEN 


Not a lubricant or oil additive 
but a metal-to-metal friction 
reducing engine treatment 
that lasts oil change through 
oil change. 

| Produced by using PTFE, the most 
slipperiest lubricant known, FluroCote 
uses the oil (does not become a part of 
it) to reach the various metal parts of 
the internal working area of the engine. 
As the engine develops heat FluroCote 
bonds itself to the metal literally 

| becomming part of the metal filling | 
minute holes or scratches of the metal 


surfaces, thereby preventing "engine 
| drag” and eliminating cold starts. 


PROVEN 
їй MONEY BACK GUARANTEE IF NOT SATISFIED 

Please send me Boz. bottles FluroCote. 
| am enclosing $ | A  ($19954$2 S/H) 
Calif. res add $1.35 sales tax. 


TODAY !! 


Charge my: Visa —. MC Discover  Amer.Exp. — 

Card# Exp.Date . — o .— O | $1 О. 

Мата n 95 

Address y (Plus $2 ship. /hand. ) 
City .— — A [cm Ri ATUM P- | 4 NEU | B Oz. Bottle TREATS AVERAGE ENGINE 


State ___ Zip 
Y Mail To: TAYLORE ENTERPRISES, INC. Dept P812 
202 W. Hillcrest Ave., San Bernardino, CA 92408 
а m m m ш m m mo mo mo 
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TO ORDER TOLL FREE 
CALL 1-800-999-1995 


FREE CATALOG! 
1-800-648-7938 
JERROLD HAMLIN OAK ETC 


CABLE TV 
DESCRAMBLERS 


e Special Dealer Prices! 

e Compare our Low Retail Prices! 
e Guaranteed Prices & Warranties! 
* Orders Shipped Immediately! 


ЗЕРИ CABLE PRODUCTS, INC. 
4080 Paradise Rd. #15, Dept. 513 
ڪڪ‎ Las Vegas, NV 89109 

For all other information (702) 362-9026 


LEARN VOR 
CLEANING/MAINTENANCE/REPAIR | 
EARN UP TO $1000 A WEEK, WORKING 
PART TIME FROM YOUR OWN HOME! 


THE MONEY MAKING OPPORTUNITY 
OF THE 1990'$ 

IF [n are able to work with common small hand 
tools, 
IF you possess average mechanical ability, and have 
a VCR on which to practice and learn.... then ме can 
teach FOU VCR maintenance and repair! 
FACT: up to 90% of ALL VCR malfunctions are due 
to simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho- 
tos and illustrations) and AWARD-WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair - "real world" information that is 
NOT available elsewhere! 
Also includes all the info you'll need regarding 
the BUSINESS-SIDE of running a successful service 


operation! EREE INFORMATION 
CALL TOLL-FREE 1-800-537-0589 
Or write to: Viejo Publications Inc. 
5329 FOUNTAIN AVE. 
LOS ANGELES, CA 90029 Dept. PS 


RADON. 

THE HEALTH HAZARD 
IN YOUR HOME 
THAT HAS A 
SIMPLE SOLUTION. 
Call 1-800-SOS-RADON to 
get your Radon test information. 


IT ALL AWAY. 


1-800-CALL-EDF 
m du 
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f you haven't received your copy "of ew] 
TRU. 's Electrical Books catalog, you've really DN 
missed something! You'll find one of the most bizarre col- “У 
lections of paperbacks, pamphlets, industrial references _ < 
on incredible plans, lost secrets, forgotten events, and |: : 


WIDTHS: B-FEE 
FINE MENS’ 


Looks just like an ordinary shoe, 
except hidden inside is an innermold 
which increases your height almost 
two inches. Choose from a wide 
selection of ELEVATORS® including 
dress shoes, boots, sport shoes and 
casuals. Satisfaction guaranteed. 
Exceptionally comfortable. Call or 
write today for your FREE color 
catalog so you can look taller in no 
time. “MD. RESID. CALL 301-663-5111” 


TOLL FREE 1-800-343-3810 
ELEVATORS" 
RICHLEE SHOE COMPANY, DEPT.PSOD 
P.O. Box 3566, Frederick, MD 21701 J 


30 Days Money Back Guarantee 
Free 16 page Catalog 

Visa, M/C, COD or send money order to: 

US Cable TV Inc. Dept. КР512 


4100 N.Powerline Rd., Suite F-4 
Pompano Beach, FL 33073 


1-800-445-9285 
| For Our Record 
1 the undersigned, do bereby declare under penalty of - 
that all now and in the future, wil 
authorization 
in accordance 
ble federal манне . FEDERAL AND 
STATE LAWS PROVIDE FOR SUBSTANTIAL 


No Florida Sales! 
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Strange 
Science! 


You'll even discover a 
strange collection of books 
on “Fringe Science” — lost 
continents, perpetual 
motion, unusual phe- 
nomena recorded 
throughout the centu- 
ries, and much more. | 
Explore the strange 
world that lies between 

i 


Winter static 
chine! Build 


fact and fiction! 
Write for ` 
CATALOG! 


Write for your copy 
of Lindsay's new Elec- | as BER 
trical Books catalog and 
see for yourself what || 

you've been missing! 
Send $1.00 (US & Can- 
ada) ozr $3.00 foreign 
airmail. We'll send your 
catalog immediately! 
Write today! 


MAKE M ONE Y 


Swiss International 
GOLD AND PRECIOUS METALS MERCHANTS* 


WE WILL SEND YOU PAYMENT IN U.S. FUNDS. 
ALL TRANSACTIONS STRICTLY CONFIDENTIAL 


Purchaser becomes owner of goods received. 

All metals to be melted down and considered 

scrap. Record of transaction to be enclosed. 
Print in block letters & include in your parcel, your 
name and full mailing address. 


Send to: Fax: (416) 727-7579 
(In U.S.A.) (In Ganada) 

S.G. & PM.M Ltd. 5165. & P.M.M Ltd. 
Dept. A Dept. A 

269 Portage Road 301 Sheppard Ave. W. 
Lewiston, New York Willowdale, Ontario 
14082 U.S.A. MeN 1N4 Canada 


strange theories ever assembled! 


Tesla Books! 


finest collections of 


Build Lightning Bolt 
Generators! 


Build a Wimshurst, Holtz, or = 


electroscopes, а М: 
scintillating tubes, electrical can- r 
| nons, Cavallo's ? 
апа much more! | 
voltage equipment used in early {8 А? 
wireless radio! Build induction ip fa. ~ 
\ coils, spark gaps, and more! Dis- $ eu 
cover the secrets of early high 
performance shortwave 
| radios, and even the de- 
sign and construction of 
motors and generators! 
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quality Tesla books available, including both 
new books and reprints of very old, rare pub- 
lications. Discover a new booklet on Tesla's 
lost inventions, a 1904 book on Tesla's ex- 
periments with wireless power transmission, 

rare and unusual books on the construction 
and use of high voltage Tesla coils, and much 
more! Highest quality guaranteed! 


Explore one the 


electric ma- 
condensing 13 
Leyden jars, * m 7 


linder machine p 
xplore the high f 


Lindsay's Electrical Books 


|| Po Box 583-WT4, Manteno IL 60950 Ё 


| Enclosed is $1.00. Send me a copy of Lindsay's i 
Electrical Books catalog via first class mail! l 


7 | 
Address 1. 
! і 


City St — Zip. 
E B B E E E E E E ЫШ 


Build Your 
Own Home 


Discover how you can afford your 
own energy efficient steel framed home 


Choose from 100's of standard models that offer: 

* Fast, simple construction e High strength 

e Super energy efficient * 1004- m.p.h. wind resistance 
(R-30) insulation • Seismic 4 earthquake rating 

e Clearspan interior flexibility © Low maintenance | 

e Fire & termite resistance * Custom designs 

Order our exciting video tape and learn 

how Tri-Steel's home building concept E 

is changing the way America builds. 


(19 Call Pat Sims today for FREE info Packel: 
TTP 1800-TRI-STEEL. 


or (214)580-1200 Fax: (214)550-0353 


1 ama 


Showdown for Saturn (Continued from page 1041 


pay off. Access to the rear of the in- 
strument panel—normally a gymnas- 
tic nightmare for mechanics—is possi- 
ble through a removable section on the 
top ofthe instrument panel. The trans- 
mission can be removed without the 
engine, for example, and the entire 
cylinder head can be removed without 
disturbing the camshafts. Saturn 
dealers will also use an impressive ar- 
ray of computer diagnostics to track a 
vehicles service history and quickly 
pinpoint troubles for mechanics. 


А clean shifter 


One of the main benefits of starting 
with a clean-sheet-of-paper design is 
the ability to engineer a car in which 
the components are balanced and in- 
tegrated into the whole. Aside from 
the occasional bout of buzziness, 
the Saturn engine and transmission 
(dubbed the “power module,” accord- 
ing to a label under the hood) are well 
integrated into the chassis. The five- 
speed manual transmission on our 
test car worked flawlessly, with crisp 
shift feel, good clutch pedal place- 
ment, and just the right amount of ef- 
fort required. 

Side by side with the top dogs of 


a ITS A COMPASS e ITS А PROTRACTOR 
è CIRCLES UP TO 24 DIA e ANGLES 
s. CUBES e 3-0 DRAWINGS 


An everyday time saving instrument for the home, shop, office, ag 
desk, drawing board, or even on the job. The "WIZARD" is a E: 
must. Functions as six precision hand tools in one. 


GREAT FOR LAYOUTS 


TRACKS ON GLASS, METAL, WOOD, 
. ALMOST ANYTHING 


SHEETROCK, PAPER . 


ORDER NOW... 


=" $1 9.95 eacn 
OR SAVE AND ORDER... 


TWO ....25% SAVINGS ....514.95 EACH 
PLUS SHIPPING AND HANDLING INSURANCE 


ONE $3.50 TWO $4.50 


30 DAY MONEY BACK GUARANTEE. LIFETIME WARRANTY 


ORDER TOLL FREE: 1-800-426-3555 


| 


883 CAPE HAZE LANE, NAPLES, FLORIDA 33942 


` "The Роцегі Xmas Gift” 


OR MAIL TODAY TO 


mm THE WIZARD 
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FAST... ACCURATE... PRACTICAL 


elT5AÀT.S QUARE 
s PARALLEL VERTICAL LINE S 
= GRAPHS 


this class, the Saturn showed some 
glaring rough edges. Wind noise was 
high, particularly compared with the 
Toyota, and some odd harmonics and 
chassis noises still plagued our test 
car, despite improvements compared 
with earlier prototypes. 

Not quite dry behind the ears, the 
Saturn could easily have been ex- 
pected to become trident practice for 
these seasoned gladiators. This early- 
production sample did, in fact, lack 
some of the extreme polish in interior 
detailing noticeable on both the Toy- 
ota and Honda. The exterior finish 
quality of the Saturn clearly ranks as 
GM's best since it began to use com- 
posite materials, with smooth panels, 
a neat fit, and wet-look glossy paint. 
That merely puts the car on equal 
footing with the immaculate Corolla 
and Civic. Toyota and Honda are two 
car companies that continue to esca- 
late standards for bodywork. 

Saturn's pricing strategy is aggres- 
sive and appears to target a wide seg- 
ment of the competition. The $10,295 
base price of the model we tested com- 
pares favorably with the Corolla and 
Civic sticker prices. In addition, Sat- 
urn's 36,000-mile/three-year warranty 


RULER AVAILABLE | 


matches the warranties offered by 
Honda and Toyota. If Saturn's high-ef- 
ficiency production facility lives up to 
projections, and the financial folks 
keep a close eye on the high value de- 
livered by the imports in this class, 
General Motors' new division is cer- 
tain to be a contender. Remember one 
thing though: Updated replacements 
for the Civic and Corolla will soon be 
on the way, moving the Saturn's tar- 
gets to higher levels of refinement and 
sophistication. Parity in the show- 
room is certain to be short-lived. 

It takes time and a track record to 
earn real respect, but crisp handling 
and performance quickly define the 
Saturn as an economy car that puts 
pleasurable driving high on its agen- 
da—an unexpected dimension for a 
car aimed mainly at reasonably af- 
fordable transportation. Add to this a 
basic engineering effort that empha- 
sizes durability and repairability, and 
the Saturn justifies the huge invest- 
ment, making the statement that 
General Motors finally has placed 
both feet unapologetically in the small- 
car arena. Saturn is good enough to re- 
define the buyer's expectations of an 
economy car. 


As Seen Ок T.U. 
THE ULTIMATE 
ROLLING RULER 


ЕМ INCHES OR | 


a db og... 
SEMI CIRCLE 
TEMPLATES 


| AUTO MEASURE 
PRE SET SPACE 


WO. HORIZONTAL LIMES 


Statement of Ownership, Management and Circulation (Re- 
quired by 39 U.S.C. 3685) 
1А. Title of Publication: POPULAR SCIENCE 
IB. Publication No. 01617370 
2 Date of Filing: 9/11/90 
3 Frequency of issue: Monthly 
3A. No. of issues published annually: 12 
3B. Annual Subscription Price: $13.94 
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Don't 


Breathe. 


Stop breathing dangerous 
radon, cigarette smoke, 
formaldehyde. Ventilate 
your indoor environment 
with the RecoupAerator™ 
air exchanger. 


Quiet, low cost operation 
removes indoor air, replaces 
it with fresh, outdoor air, 
conserves 90% of indoor heat. 


To order, or for a free 
brochure, call: 


1-800-535-3448 


RecoupAerator 
A Breath of Fresh Air. 


| Р.0. Box 2633d, Athens, Ohio 45701 
М7 о 614-594-2277 
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386SX COMPUTER 
WITH VGA 
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* 100% IBM compatible. 
* Includes 14" VGA color monitor. 
» 80386SX-16/8 MHz speed, zero wait 
state, upgradable to 20 MHz 
* One 3-1/2" 1.44 MB floppy disk drive 
e One 5-1/4" 1.2 MB floppy disk drive 
» 40 MB hard drive/millisecond access time 
| · One MB RAM on motherboard, 
| expandable to eight MB 
e Expansion slots: four ІВМ AT slots. 
* Built-in VGA video support. Battery 
backed real time clock/calendar 
• Two serial ports 
* One parallel port. 
| * 80387SX-16 math co-processor socket 


* 101 key IBM style keyboard. 
- | * Phoenix BIOS. 


NOW! Get in on the PROFITS in IB. ОИУ 
SMALL ENGINE REPAIR 


*» Dim.: 16" Wx18"Dx5"H. 
la * One Year Warranty 
Work part time, full time — 

right at home — we help 


ар Cordata. Mfr. Sugg. Retail: 
you every step of the way. L ` * Factory New! | 
No doubt about it... as a small engine. $2,968.00 


pro, you can cash in on the huge de- | DAMARK PRICE: 


mand for qualified men in one of Amer- S 1 4 Q 9 99 


ica's fastest growing industries. You'll % 
be able to command top hourly rates of from ~ 
Item No. B-2456-14357B 
Insured Ship/Hand.: $49.00 


$25.00 to $30.00 per hour — and that's just 
for labor. 

FOR FASTEST SERVICE 
CALL TOLL FREE 


1-800-729-9000 


That's the official count from the Engine Service Assn., and 
one-million new engines are being built each month. With 

| RB B BE ИШ B иШ иШ 
DAMARK INTERNATIONAL, INC. 


Foley-Belsaw training, you can soon have the skill and 
"101 Winnetka Ave. N.. Minneapolis. MN 55428-1619 


* Does not 
include 
software 
shown on 

| screen. 
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Fly The Kitfox . . . 


BUILD YOUR OWN AIRPLANE! 
2 SEATS 


Kitfox is sold as a complete kit. It's 
the world's finest aircraft kit. A com- 
prehensive builder's manual leads you 
step-by-step through construction . . . 
quickly. 

Wings fold in two minutes for garage 
storage. Kitfox is fun flying at its best. 
Floats, skis and tundra tires are avail- 
able. Uses auto gas. Take off: 75’ cruise: 
90 mph, land: 27 mph, rollout: 150! 

Complete information: $10; video: 
$15 ($20 USD overseas). MC-VISA-MX. 


knowledge to make top money servicing these engines. 


Customer Service + 612-591 -0 ga 


Professional Tools and Equipment PLUS 4 hp Engine . .. 
Ali YOURS TO KEEP.. .. All at Mo Extra Cosi. 


NO EXPERIENCE NECESSARY! 
You don't need to be a 'born mechanic' or have any prior 
experience. Lessons are fully illustrated... so clear you 
cant go wrong, and with our famous 'learn-by-doing' 
method you get practical ‘hands-on’ experience. 


[ Foley-Belsaw Institute, 6301 Equitable Rd -e Y шке | 
| Dept.51911, K.C., MO 64120 
O YES. please send me the FREE booklet thal gives full dë- 


tals about starting my own business in Small Engine Repair 
I understand there & No Obligation and that No Salesman will 


Please rush me ` Cordata Computer(s) 
© $1499.99 each, plus $49.00 s/h each 
Item No.B-2456-143578 
MN res. add 6% sales tax. 


Мата 
Address 
City.State.Zip 


O Chack/MO О VISA Û Master Card Û Discover 


І call оп me 
Denney Aerocraft Company Әй 
100-б N. Kings Road, Nampa, ID 83687 | ADDRESS. — 
Phone (208) 466-1711 CITY ad ded 
| $E — — P DELIVERY TO 48 U.S. STATES ONLY 


FAX: (208) 466-7194 
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Shoppers' Showcase 


A selection of products and services for PoPuLAR Science read- 
ers available direct by mail. Enjoy the fun and convenience of 
mail ordering shopping. Please order directly from the adver- 


tiser. For advertising rates for this section, write or call Diane Pahl, 
Direct Response Manager, PoPULAR Science, 755 W. Big Beaver Rd., 
Suite 420, Troy, MI 48084; (313) 362-9005; fax # (313) 362-3403. 


THE "GREAT DEAL" CATALOG 


INTERNATIONAL, INC. 


3865X LAPTOP 


«= cordata COMPUTER 
w/DOCKING MODULE 


* B0386SX microprocessor 
operating at 8/16MHz, 
zero wait state. 

* 10096 IBM compatible. 

* One MB RAM, 
expandable to four MB 
on motherboard. 

* 40 MB hard disk drive. 

* 1.44MB 3.5" floppy disk 
drive. * Desktop Ў 3 
expansion module; Ps Eo um 
converts laptop into puer E 
desktop computer. 

: 2400 bps Hayes compatible modem with two phone 
jack connectors. * Two 16-bit AT expansion slots & one 
XT slot. * Two AS232C serial ports. * 1 centronics 
parallel port. * Detachable LCD display & 101 key 
keyboard. • VGA graphics, resolution: 640х480, 

: MS-DOS 4.0. * Includes Nicad batteries and battery 
charger. * 80387SX-16 match co-processor socket. 

* Dim.: 14"W x 11.5"D x 3'H. 


um Year — Mfr Sugg. Retail: $4,419.00 
Warrant! DAMARK 
° Фан PRICE 
"wd Item No. B-2455-146969 
Insured Ship/Hand.: $29.00 


FA) езет Bel CORDLESS 
| O ise hone SPEAKERPHONE 
| 1700 


* Range: approx. 1000 
feet with built-in range 
extending antenna. 

* 46/49 MHx duplex. 

* Cordless, integrated 
speaker-phone with 
volume control. 

a 2 separate keypads: Scal 
one on handset and опе f 
in base. 

* 9 number auto dialing 
plus auto redial. 

= Built-in two-way intercom with hold. yp» 

* 10-channel selectable. * Pulse/tone switchable. 

* Digital coded security. * Status-indicator lights. 

* Includes three rechargeable 
nickel cadmium batteries. 


| *Snap-out battery pack. Mfr. Sugg. Retail if new: 


MORTE: 700. $1 Sy, 99 
DAMARK, 
PRICE 79 "M 


* Factory serviced, 
Item Mo. B-2455-150680 


but like new. 
* 90 Day Mir. 
Insured Ship/Hand.: $7.00 


Warranty! 


See иш шш шш ш шш шш шшш 
i FOR FASTEST SERVICE CALL TOLL FREE 


1-800-729-9000 


Customer Service: 1-612-531-0082 


NAME 

ADDRESS ые 1 pem] | 

CITY ST_ | ZIP. Уу р] DELIVERY TO 48 U.S. CONTINENTAL STATES ONLY SUB TOTAL 
(MasterCard | | 

PHONE — Е Б in MN add 6% Sales Tax 

CARD NO. EE EXP. DATE [ ] Check/Money Order — 

= | аа Copyright 1990 DAMARK International, Inc. GRAND TOTAL 

Send To: DAMARK International, Inc., 7101 Winnetka Ave. N., Mpls., MN 55428-1619 All rights reserved. B-2455 `“ 
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32499 


FAMOUS MAKER 


286 AT COMPUTER WITH 14" HIGH 
RESOLUTION VGA COLOR MONITOR w/ 
30MB HARD DRIVE 

* 80286 microprocessor, 
12.5/6.25MHz switchable. 

* One MB RAM on mother- 
board, expandable to 
four MB. * 30 MB hard 
drive. • One 5.25" 1.22MB 
floppy drive. 

* High resolution VGA 
monitor: 640 x 480. 

* Socket for 80287 math 
co-processor. * 16- bit 
VGA card; 800 X 600 
resolution. * IBM compatible. 

* d expansion slots—two 16-bit 
and one 8-bit. * 1 serial port. • 1 parallel ma 

* PS/2 compatible 6-pin mouse port. * Phoenix 286 
ROM BIOS. * Includes MS-DOS 4.01 with DOS Shell 
utilities and GW BASIC™. • PC dim.: 4-1/4"H x 15"W 
x 15-1/2"D. * Monitor dim.: 13.9"W x | 
14.7°0 x 14.1"Н. Mfr. Sugg. Retail: $2,094.00 


* One Year DAMARK 


Mir. Warranty! PRICE 


» Factory New! 
Item No. B-2455-149047 
Insured ship/Hand.: $49.00 


C ROW Niara 
AUTOMOBILE COMPACT DISC PLAYER 
WITH HIGH-POWER AMP 


* Digital compact disc player. * 3-beam laser pickup. 
* High power amplifier. • In-dash or under dash mounting. 
» 16 random program memory. * Output power: 100 watts. 
* Auto loading system. * Skip button allows you to 
play the next or previous track. = All or one repeat. 
* Fader control, balance control. * Use with your current 
car stereo system. * Pause/play, stop/clear, volume 
controls. • Made in Japan. * Dim.: 7"W x 1.9"H x 5.6"D. 


* Model #: CCD-5500. 
Mtr. Sugg. Retail: $439.99 


» One Year Parts 
eed DAMARK $ © 99 
Mew  DBMAEK $1 ДО ЭЭ 


Item No. B-2455-145185 
Insured Ship/Hand.: $9.00 


s999% 


H } BLACK S DECKER 


1-800-729-9000 


БЛ GoldStar VGA MONITOR 
brine thie WITH VGA CARD 


board mem- 
bers with eye- 
catching color 
graphs and 
charts. Buy 
now at this 
super savings 
price! 


| «10095 IBM& 


PC/XT/AT, 

PS/2 and compatibles. 
* 14" non-glare VGA monitor. 
• Includes VGA graphics adapter card. 
* Resolution: 640 x 480. * 16 out of 256K colors. 
* Horizontal scanning frequency : 31.5 kHz. 
* Built-in tilt-swivel base. * Dim.: 13.9" x 14.7" x M. T5 
* Weight: 28 Ibs. * Model #: GT3051. 

$648.00 


vL raan oy Mfr. Sugg. Retail: 


Years DAMARK $ 32999 


Years 
PRICE 


Picture 
Tube 
Item No. B-2455-151605 
Insured Ship/Hand.: $13.00 


Warranty! 
I: Factory New! 
DELUXE WIRELESS 
SECURITY SYSTEM 


Includes: 

* B entry sensors, 
1 system 
controller 
(includes inside 
siren), 1 signal 
relay, 1 lamp 
command, 1 
outside siren, 2 
window stickers, | 
1 yard sign, and 
complete hardware & batteries. * Wireless installation. 

* Lamp command flashes lamp upon intrusion. 

* Difficult to defeat because of new, advanced technology. 
* Signal relay—relays entry sensor intrusion signal from a 
remote area of home to controller. + Tamper resistant. 

• 85 decibel alarm on inside siren. * Piercing 120 decibel 
outside siren. * Fail-safe battery back-up. * Low battery 

warning. * Due to drop shipment, allow 


6 to 8 weeks. 
eee rear mir. Mfr. Sugg. Retail: $698.00 
Warranty: ' | 
. Factory Nei j^^ a 1 99 9 9 | 


Item No. B-2455-133389 
Insured Ship/Hand.: $15. 00. 


Why Build Your Own Classic Roadster? 


ecause it's a fun and rewarding 
B project Thousands of people, 
like you, have built and are now driv- | 
ing their own Classic Roadster. Our 
| kits are engineered for easy assembly 
| and years of driving pleasure. And, our 


| quality is guaranteed. If you prefer, we 
will custom build a roadster for you. 


"Whether you're looking for a factory 
built, turn-key roadster or want to build | 
your own from a first-class kit, Classic 

| Roadsters is the way to go. — The Editors, Kit Car World Magazine 
Now available with V-8 power! | 
Also available: Jaguar, MG and 4 passenger Mercedes reproductions. 


| l'YES! Please send me the oi information: 3423 


C Easy-To-Assemble Kit C Custom-Built І 
A) O FREE Color Brochure, parts & options info, and Corporate Report | 
"iia | B) L1 ($5.00) 16 pg. Product Catalogue, plus 24 pg. company, component, and pricing info \ 

3 С) O ($15.00) VHS Videotape (corporate & model profile) plus ''B'' literature pkg. 
D) 0 ($2.00) Business Opportunities brochure | 
Name pom | 
Thé MARLENE | и —]1— — | 
—36-Mercedes 500K reproduction —— te Midross i 
1- Today for FREE Brochure or r оран: Lo— 1 ———————— | 
-800-767-2277 5. s ә! 

mm = — 
3423 || Ge Classic Roadsters Ltd. сато [ 
i International Export Call (701) 293-8866 | Rx 


1617 Main Ave., Fargo, ND 58103 to process. 


"Cobra is a trademark of Ford Motor Со. Classic Roadster products have no connection with Ford. 


New fitness prescription for tbe 90s. А 
Add strength to your life. 


Looking, feeling and being 
the best you can be. 


NordicTrack has just introduced the Nordic Fitness 
Chair, a revolutionary concept that allows you to add 
strength training to your exercise program, and helps 
you achieve Balanced Fitness — the new fitness 
standard for the '90s. 

A HEALTH-CLUB 


The Nordic Fitness Chair will change | WORKOUT 
the way you look, and the way мын. сомо OF THE 
you think about fitness. oRDIC Fitness CHAIR. 
You work against isokinetic resistance to tone, 
strengthen and condition the muscles in your upper 
body. The Nordic Fitness Chair enriches your life by 
allowing you to develop your muscle coordination and 
control and by improving your personal performance. 


6 exercises. 3 times a week. 
That's all it takes. 


The Nordic Fitness Chair’s “Basic 6” workout 
takes only minutes a day, 3 times a week, so it 
will fit into even the busiest schedule. 


Balanced Fitness is 
within easy reach. 


NORDICFITNESSÜHAIR" 


from Nordic Track 


Call 1-800-848-7786 Bix 


NordicTrack, а CML Company, 141 Jonathan Blvd. N., Dept. 89410 , Chaska, MN 55318 
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Join the industry leader. Save $ Thousands El 
жен | | & p and build your own home ar hecome a Distributor 
Pam Yo can Tm ал Ж e" cx of our innovative steel framed homes. 


i | : A А į | E ~ i old pail and blower into a : | 
E ЧЕ ЧЕ ШАШУ) nmm c ;| | | Distributors Wanted 
Incredible books! brass. We bui one for MEO r 


Discover hundreds of manuals, industrial handbooks, about $10! Uses grocery 
paperbacks, reprints, and privately published papers on un- store charcoal! Pour cus- : A — 
usual qii MARS Tanging from melting metal to tom castings! Build a fur- | | Р d Д Tom — 


B building windmills, and nace to melt cast iron! Dis- 
c A from electroplating to cover books on sand cast- SEM "—À PE i 
| = blacksmithing. ing, patternmaking, cupola ; җиз E" 771 d "uds 
\ You'll see instantly operation, casting of deco- Wc d o ee "gi lii i ili m 
why this is the most re- rative items, and more! it. d ud сї ; 
ipi r ak — Discover the secrets of Sa E OOO ЖЇНЇ Шы Маз», 
r store ever! You Whitworth's 1853 mi- Ж ie 
i - don't know what you've — crometerthat could measure to a millionth of an inch! Make Tri-Steel makes it easy to get started with: 
been missing! V We probably have just the technical how-to charcoal and coke! Build a dividing machine and more! * Low refundable • Advertising support 
information you've been seeking for years! investment programs Construction assistance 
§ M uch more! * Unrestricted territories є Hands-on Construction 
Wide Variety! See technical school textbooks on ma- Г" * No franchise fees training — ; 
Make paper! Electroplate! AN chine tool operation, diesel repair, and * Substantial discounts e Training & support materials 
Melt cast iron! Learn calcu- 2 refrigeration. Learn how the ancients м, e No inventory required e Hundreds of floor plans 
rit оха аы nee all chase as i xd 19 | A ! The adv of Tri-Steal H include: 
|! esco gold! Learn simple chemical analysis! , fff aN ER 9 ve ا‎ de 
Make vacuum pumps! Work iron with a forge and anvil! Build a ا ا .| اا‎ ci ا و‎ 
Grow crystals! Dis- wood lathe! A band saw! A circular saw "E (R-30) insulation _ • High strength 
cover books on hy- blade sharpener! A wood stove! And * Fire & termite resistance • Low maintenance 
e Fast, simple construction — * Affordability 


draulics, steam engine | — NE l ) : 
9 much, much more! Zn y/ • 100+ m. p.h. wind resistance • Custom design service 


design, wind power, mag- die : 
e Seismic 4 earthquake rating * Over 60 : | 
Write for а catalog! p 


nets, sundials, restoration 

of lathes and milling 
Write for your сору of the las- gem | Call Paul Samuels today for FREE info Packet: | 
test jam-packed edition of ex m 


Li | é PESE vn 

i |] Lindsay's giant Technical fb; : Aer ff | 

Highest Quality! — Ee caseg seo sim || Enee „е 0 1-800-TRI-STEEL 
very DOOK IS guarantee high qualify! This IS a US & Canada — $4.00 foreign T ا‎ eid 

book club. You're free to pick and choose only the very best dial) You'll e a iiid Ea.. | ; Ti-Steel 09" (2141580-1200 Рах: (214)550-0353 

books from the best publishers with no obligation. Since | why everyone is talking about uis " 

cannot possibly offer every book published, | offer only the this incredible source of hun- 

best. You get high quality books, fair prices, fast service, and dreds of unusual hard-to-find 

honest dealing. You can order with confidence. books! Write today for a cata- 

log and order the books you 


of need while they're still avail- 
lathe! able. Write today! 


N oe 
= x. Dublicationy 


i Box 583-ESG, Manteno IL 60950 


Send a catalog! I've enclosed $1.00 U.S. & 
Canada, ($4.00 foreign airmail) 


machines and much more! - 


Build a pre- 
cision lathe 
for less than 
$50 without 
power tools 
or other pre- ^ 
cision  in- 
struments! e 
It's true! Build a precision shaper, milling machine, drill 

press, rotary table and indexing head, a sheet metal brake, 

and more! Learn how to make a surface plata from scratch 

and use it to rebuild used machine tools. Build a one lung i Name 


Mako your on ar ыш apo, йоз нате and [SM _ SERIOUS ABOUT THE 
cogershandicalLsanmachnedecgriPrapecand |су WEATHER? NOW YOU CAN 
etre Lice "n: Make bricks and glass! Visit 1910 ‘State r ق‎ AFFORD A PERSON AL 

! bus um د‎ WEATHER STATION! 


The new WeatherPro weather station gives you 
the local weather at your fin ingertips. Easy to install 
) là» and simple to operate, the WeatherPro includes a 


LOOK ias i | weather computes remote precision wind direc- 


i | ik: tion vane, wind speed sensor, external temperature 
| | a G | probe, mounting hardware and 40' of cable-all for 

| E : | onl $ 189! 

| куч *WIND SPEED T *WIND GUST 


| eda T ин need iy | à s -: ; e TEMPERATURE — a e WIND CHILL 
T crystal clear picture from your VCR, Cable box, Е Я — ч А ) 
| Set comes complete with one | Laser disk player or Video camera to any room in Highest Quality б мааа an sae | ees SCAN 
| transmitter& one receiver. | the house. Innvision also allows you to watch one One Tear Warranty ii + а 
айла ди + $5.00 Shp& Hndl. | video source while transmitting a different source sick id e Period * RAINFALL (OPTIONAL) e1 YEAR WARRANTY | 
59! to another TV. Innvision transmitts up to 120 feet Бада Guaranà *14-DAY MONEY-BACK GUARANTEE 


TO ORDER OR REQUEST E "le DIGITAR WEATHERPRO 
|OUR FREE CATALOG CALL M c чы | WEATHER STATION: ONLY $189! 
1-800-624-1150 i IINE" asl | ORDER TODAY:1-800-678-3669, Ps 


M-F 7AM-5:30 PM Pacific Time 


Or i | # 

; aes : = i قر‎ d *Automatic-emptying electronic rain gauge-$49.95 

FAX (402) 392-0991 ‘aa , Add 55, 00 for s 4 e. A reside и gay sales tax. 
Or Write f i : Fax 1-415-/ 065 EPAIA MIC and VISA 


[M.D.ELECTRONICS ® au, c DIGITA R" 


875 So. 72nd Dept. V Omaha, Ne. 68114 — — — ... 3465 DIABLO AVE, HAYWARD, CA 94545 
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Northern 


Where the Pros and Handymen Shop 
ORDER TOLL FHEE 


1-800-533-5545 


Sale Prices Good Thru 12/31/90 


and valve for constant 
output down to -30° F. * 
(Tank not included). 


BTU 
propane Heater 
heater. Compact, : 
Safety shut-off valve, high pressure heater 
adjustable fingertip control produces up to 250,000 


BTU. It's adjustable down 
to 75,000 BTU. Has pilot/ 
safety control valve and 


Keys 95571 


i" 


"Henry Kloss brought Dolby sound, СгО, cassette tape, and 
large-screen projection television into living rooms, and made 


em $1726 spark ignition. Use 100 ib. the dominant speaker systems of three decades. Now he's at it | 
Sale $38.99 propane cylinder (not again at Cambridge SoundWorks, li 
as included). Item 1736 selling direct to the public." INC, Magazine 
Sale $129.99 — —— —————— 


| 


CHROME + * 
FINISH | ! 


ҤЕ 
| Ie И M I EO, ing 


NOW ; 
AVAILABLE IN 6—8 
Boxwood® | 


1/2" & 1/4" DRIVE 
RATCHET GEAR ! 
WITH32 TEETH Ranch Stove For 
| Heating AND Cooking! 
Built of high-strength, 


high-temperature 11 and 
13-gauge steel. Draft whee! Heats up to 800 square 
tor heat control. Measures feet! Up to 9-1/2 hours 
15W x 24-1/27H x 34-1/2°L. from 1.6 gallons of 


Top flue accepts a 6" stove kerosene. 26-1/2"H. 
pipe. Items 17289 


Sale $99.99 


lle m# 17285 
Sale $1 1 9.99 


16 Ton Hydraulic Log Splitter 
5 HP engine. 

11 GPM 2 stage 
pump, 24" stroke, _ 
| 8" wing wedge. 

List $1100.00. 
temë 1134 

| Sale $779.99 


At Cambridge SoundWorks we manufacture 
speakers and music systems designed by Hen 

Kloss (founder of AR, KLH & Advent), and we se 

them from our factory in Newton, s We also 
sell carefully selected audio components from 
brands like Philips, Pioneer and Denon. Because 
we sell factory-direct, you can save hundreds of 


dollars on components and systems. We sell 
nothing but ' bi v ood stuff." Our knowledgeable 
ap 


c Blue Tough Tarps 


| 5-HP e 


Electric Motor Hefty woven poly tarps 


SHIPPING A 


HANDLING таг Ак commen Ce audio experts will help you make the right choices, 
r OL DNE without being pushy. And you can call toll-free for 
vods A AM HM al ns advice, to order or for “hook-up help" 365 days a 
construction with bal PX dou EX year. This is the simplest way to get the right deal 
vam ae SUN "M 12910 Ae on stereo components...and there's no risk. 
r е. ; 12'x20' 12. ! 
< | ot kcu 19 m 1775 16x20 $18.59 * Call toll-free for factory-direct savings. 
pus pa vu ri | me "P "m * UPS delivers right to your front door. 
[< work in the mos 208230 Vots m ae за o a 
impossible situations Sale $1 24.99 1779 30х60 $89.99 ю Expert кы ия уи 
/ with the Sidewinder questions, before and after you buy. 
Speed Wrench. • Where te pe hapa * 30-day money-back guarantee. 
space limits ratchet travel. watts of power! 8 HP ero tere н Девы | 
e Where there's lack of resistance for Tecumseh engine has To get the right deal on the right 


cast iron sleeve. 


stereo, mail the coupon or call 


PRODUCTS CORPORATION 
2066 Old Rocky Ridge Road 
Birmingham, AL 35216 


Outside U.S. or Canada 617-332-5936 


— Á А ш = я € HÀ d 


* In Canada call 1-800-525-4434. Fax: 617-332- -— 5 


l Stal n Й 
| Key? 95571 
PO. Box 1219, Burnsville, MN 55337-0219 


AR & Advent are trademarks of International jensen. Inc. AR & 
Advent are not associated with Cambridge SoundWorks. 


SEND TO NORTHERN, 


the ratchet to function. + Where excessive Item 16425 | | 
repetitions are required for long bolts. =. | 1 -800- AKA- HIFI | 
One 360° turn of this specialty tool is — 
equal to eight normal a Aen Dae egy aay 24 hours a day, 365 days a year (1-800-252-4434) 
Of quality construction, the Sidewinder horizontal and vertical shaft | | 
is torque tested to 175 ft. Ibs. and d | 
carries a lifetime warranty. | BHP $209.99 | Name | 
Found in tool kits of major racing teams. 212. ЩЕ. 22. "€ سے‎ 
Æ То order, call today e a is шш eum ame ms um ms m | ^s | 
| 1 (800) 999-3405 w EM] Send for your FREE 136-Page TENIS | mw 2” | 
| We ship U.PS. daily g$ ||! E! | CAMBRIDGE | 
| MASTERCARD AND VISA ACCEPTED | Name i | 
qeu ı | SOUNDWORKS | 
VDE WINDER ÉD os p | 1 155Califomia st, Suite 126D, Newton MA 02158 
| 1 
І 
" 


POPULAR SCIENCE DECEMBER 1990 | 123 


Fun to Build-Fun to Drive 


Sleek, Lightweight 
Doran Electric. 


now with inexpensive co 
ponents. Tops 80 mph and : 
travels over 60 miles on a 
110V charge. You can extend £ FS АРШ БЕ 
your range even further — ^ — ere ту 
by adding solar pan n du 


„еы 
LE 


0-60 i in 8 secon at | "Do ib 
wishbone front Wes : 
with front wheel drive and fey 
steering provide excellent professional « 
handling, registering 8g on develop! 

the skidpad. Our lightweight 
aerodynamic design mini- - 
mizes wind and rolling resist- 


CP Complete manual and plans: 


E $4.00 for postage and EA 
24 Hour CREDIT CARD plan 
sales only: 702-352-5909 or 


| poena 25 include | 800/ 388-8770 


ance delivering 40-50 mpg forming of body оа Allow 1-3 weeks for delivery. Satisfac- 
even with hard driving. In. layout and installation of tion guaranteed or your money back. 
addition, its 3 wheeled motor- braking and wiring systems, Doran Motor : 
cycle classification may reduce and detailed frame and sus- sis Company 
insurance and registration pension construction. We've 3425 Ridgecrest Dr., Dept. MA 
fees and allow the use of included many ideas for Reno, Nevada 89512-1443 
commuter lanes without a customizing your vehicle or Information and spec. package: 
passenger. building your own design. $5.00 check or m.o. by mail only 


` [tem #063101 


For those of us who aren't masters of the tape measure or clever at calculating, 
here is a tool that's sure to make your life a lot easier. Seiko Instruments’ 
Home Contractor Conversion Computer is a unique 3-in-1 tool. 


* Measures room dimensions ultrasonically 

eElectronically computes area and volume 

e Automatically estimates materials: paint, wallpaper, 
carpet, floor tiles, wall panels,ceiling tiles, heating 
and air conditioning needs. 


Comes with an excellent user manual. Available to our readers for only $79.95 
(include $3.50 for shipping and handling.) Use MasterCard or Visa or send a 

check or money order. Money Back Guarantee. Residents of CA, CT, IL, MA, 
MI, and NY must include applicable sales tax. Allow 2 to 4 weeks for delivery. 


Order today 


1-800-447-7868 or Mail to TMM by Mail Dept. 06110T 
280 Summer St., Boston, MA 02210 
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Recyding the саг 
[Continued from page 110] 
of the recycled fiber that results from 
their efforts. 

"The price of recycled materials 
must include the cost of transpor- 
tation to a processing plant and the 
cost of sorting," explains Ford's La- 
bana. "This is expensive, even if the 
scrap is free. Usually it is easier, for 
example, to transport bulk oil to. a 
plant that makes virgin material, 
than to truck, sort, and reprocess 
scrap. Ultimately, the consumer is go- 
ing to pay." 


Up front or down the line? 


Inevitably, the cost of energy, and 
thus the total environmental impact, 
becomes intertwined with any re- 
search on recycling. Steel and alumi- 
num consume a much greater amount 
of energy to produce and recycle than 
plastics, but that is balanced against 
the fact that the feed stocks of most 
plastics are derived from oil and nat- 
ural gas. Proponents of aluminum, 
rapidly being substituted for iron in 
cars, note potential improvements in 
fuel economy and a relatively low en- 
ergy cost to recycle—but aluminum 
itself is energy-intensive to refine 


| from the ore. 


Plastics are energy conscious both 
in their manufacture and in reducing 
car weight. But they are also the 
most difficult materials to recycle. 
One scenario that is often resorted 
to is reclaiming energy by burning 
the plastics in incinerators. The en- 
ergy content is about the same as 
that of the petroleum feed stocks 
from which the plastics were synthe- 
sized. However, this does not address 
the concern of global warming or the 
potential of forming hydrochloric acid 
and other toxins. 

The increasing complexity of new 
cars ensures that the total disas- 
sembly and reprocessing of every part 
is still years away. And the feasibility 
of all recycling programs hinges on 
the primary issue: cost. Odd as it may 
sound, one proposal put forth 
amounts to the “deposit car" plan, 
with scrap-value vouchers issued to 
car buyers at the time of sale. By 
guaranteeing value for the car's raw 
materials, its return to the recla- 
mation cycle would be ensured. A tax 
on the use of virgin manufacturing 
materials, such as steel, aluminum, 
or plastics, is another alternative, 
pushing up the price of new metals to 
make used metals more competitive. 
These economic incentives, offering a 
jump start for the emerging tech- 
nology of recycling, may be all that's 


| needed to close the loop on trans- 


forming yesterday's junkers into 21st- 
century transportation. 


loud blast, and a tremendous cloud of 
smoke and yellow flames shot out of 
the rig. “It blew the fixture apart," 
says Schuler. "There was a dead si- 
lence in the bunker, then someone ut- 
tered an expletive." 


Hold your fire—for a while 


Miceli quickly telephoned his 
superiors, and soon after this, the 
Navy suspended all battleship firing 
activities and reopened its investiga- 
tion. The test results couldn't have 
come at a more dramatic time. On the 
next day, May 25, Sandia task force 
head Schwoebel was scheduled to tes- 
tify before the Senate Armed Services 
Committee. 


He told the congressmen that the - 


increased impact sensitivity of a pow- 
der bag with a reduced number of 
trim pellets could have caused the ex- 
plosion if a high-speed overram had 
occurred. “The cause of the explosion 
was not conclusively demonstrated," 
the diplomatic Schwoebel said, adding 
that "Sandia could neither prove nor 
disprove the presence of the chemical 
igniter proposed by the Navy." 

Sandia recommended that the Navy 
install a mechanical device on the guns 
to limit rammer speed, develop a pro- 
pellant bag that doesn't need an ad- 
ded layer of pellets to adjust its weight, 
and further study the impact sensitiv- 
ity of propellants under varying load- 
ing conditions. 

At press time, the battleships U.S.S. 
Wisconsin, on patrol in the Middle 
East, and the U.S.S. Missouri, which 
is elsewhere, had been authorized to 
fire their 16-inch guns. Did the Navy's 
confidence in resuming firing signal 
an acceptance of Sandia Labs' ver- 
sion of what probably happened on 
the Iowa? 

Finally: Does the Navy owe an apol- 
ogy to the families of the men killed 
in what now seems more likely to 
have been an accident than the work 
of a suicidal sailor? 

According to Navy spokesman Lt. 
Dane La Joye, "The decision to permit 
the two ships to resume firing was 
based on testing of the specific lots of 
powder they carry. The powder was 
deemed safe. Before they were au- 
thorized to fire, both ships had to 
go through a recertification pro- 
cess in which safety procedures were 
checked." The Navy's reopened inves- 
tigation and its review of the Sandia 
findings are still under way, La Joye 
said. "We'd rather have it done cor- 
rectly than to hurry and not cover ev- 
erything. The results will be turned 
over to the Secretary of the Navy for 
review, and then a statement will be 
released." 


ALL OF US AT JACK DANIEL 
DISTILLERY hope you're getting 
your Christmas decorations 
put up in plenty of time, and $3 
that your holidays will be In 
filled with family, friends == 
and all the other blessings 
of the season. 
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Tennessee Whiskey е 40-43% alcohol by volume (80-86 proof) • Distilled and Bottled by 
Jack Daniel Distillery, Lem Motlow, Proprietor, Route 1, Lynchburg (Pop 361), Tennessee 37352 


Placed in the National Registerof Historic Places bythe United States Government. 
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What really happened on the lowa? (continued from page 871 


that shove the massive rammer head 
into the breech. 

“The more I looked at the marks af- 
ter seeing the spanner tray, I knew it 
just wasn’t feasible,” says Schuler. “It 
looked to me like the rammer chain 
links were responsible.” He believed 
the gouge marks pinned down the lo- 
cation of the twisted chain links ex- 
actly—and his measurements indi- 
cated an overram of 24 inches. 


A recipe for disaster 


Schuler’s ominous discovery quickly 
became the focal point of the Sandia 
investigation. The scientists calcu- 
lated that a 21-inch overram would 
not crush the powder bags up against 
the base of the projectile, but a 24- 
inch overram would, pushing with 
2,800 pounds of force. If the propellant 
could self-ignite under such stress, it 
was a recipe for disaster. After spend- 
ing 50 hours modeling the event on a 
Cray supercomputer, specialists on 
Schuler’s team concluded that a pro- 
pellant ignition was possible. 

The Navy had originally arrived at 
the 21-inch figure by measuring the 
length of rammer chain damaged by 
the blast. The chain retracts into a 
heavy C-shaped housing that would 
have protected it from blast effects. So 
the length of damaged rammer chain 
was assumed to be the total amount 
outside the housing at the moment of 
the blast. Schuler questioned this idea. 
How much time had passed, he won- 
dered, before the gases and debris 
shooting out of the breech reached the 
chain and mangled it? Just millisec- 
onds, he estimated, but still long 
` enough for a short section of the fast- 
moving chain to continue retracting 
into its housing. This could account 
for the extra three inches. 

Schuler pondered a detail that at 
first didn’t seem to make sense. The 
powder hoist, which carries propel- 
lant bags up from the magazine to the 
gun, was closed and locked at the 
time of the blast, but it hadn’t been 
lowered, as is standard procedure. 

In a correctly performed loading se- 
quence, the projectile is rammed into 
the breech rapidly, at about 14 feet 
per second, to ensure that it is firmly 
seated in the gun’s bore. The explo- 
sive powder, however, is rammed slow- 
ly, at about one to two feet per second. 
Schuler had a hunch that the crew- 
man who ran the hoist might not 
have had time to begin lowering it be- 
fore the explosion occurred. The ram- 
mer head, he began to suspect, might 
have been shoved into the breech not 
only too far, but also too fast. 

The thought of ramming explosive 
powder bags both too far and too fast 
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sends chills down an experienced 
gunner's spine. "That rammer can 
take a 2,700-pound projectile and 
move it so quickly you can hardly see 
it go," says retired Master Chief Gun- 
ner's Mate Jack Greenwood. "You can 
imagine what happened if the ram- 
merman on the Jowa rammed the 
powder into the back of the projectile 
that way. The minute I heard about 
it, I knew exactly what had happened 
on the Jowa.” 

Greenwood, contacted at his home 
in North Carolina, speaks with au- 
thority on the subject of big naval 
guns. He spent 32 years in the Navy 
as a gunner's mate and was responsi- 
ble for the New Jersey's turrets during 
the Vietnam War. During the Korean 
War, he was a first-class gunner's 
mate on the Wisconsin. “Before World 
War II it was not unusual to have a 
gun crew together in the same turret 
for twelve or fourteen years," he re- 
calls. “But now you've got these kids 
yo-yoing in and out of the Navy. That 
kid on the Jowa might have been 
new." 

Robert Backherms, the rammer- 
man who died in the Jowa explosion, 
was indeed new at his job, and had 
never before rammed live powder, ac- 
cording to a news report. It was his 
task to operate a lever that closed the 
powder-hoist door with one hand 
while he controlled the speed and ex- 
tension of the rammer with his other 
hand. Had he made a mistake? 


Looking for a big bang 


Now the Sandia investigators went 
to work on the idea of impact-induced 
explosions. Paul Cooper of the explo- 
sives studies team prepared for the 
real thing at a desert test site on the 
outskirts of Kirtland Air Force Base. 
In March his group received 12 bags 
of the same 16-inch gun propellant 
used on the Jowa at the time of the 
explosion. Each propellant bag con- 
tained roughly 1,800 thumb-sized ni- 
trocellulose pellets, stacked on end in 
eight layers of about 225 pellets each. 

The charge is encased in a heavy 
silk bag with a black-powder-filled ig- 
nition pad attached to its base. The 
black powder is electrically ignited to 
set off the main charge and fire the 
gun. On top of the bag a number of 
pellets, ranging from 15 to 65, lie on 
their sides. These constitute the trim 
layer, added to bring the weight of 
each bag up to an exact 93.4 pounds. 

Cooper and others on the explosives 
team were immediately suspicious of 
the trim layer pellets. Because they 
rest on top of each bag they would be 
shoved up hard against the black 
powder ignition pad at the bottom of 


the next powder bag. What if there 
happened to be few trim pellets in a 
bag? Clearly, they would be under 
greatly increased pressure. And if the 
bags were also rammed too far and 
too fast, what were the chances of get- 
ting ignition? 

Cooper, who is considered by many 
to be Sandia's top explosives expert, 
went to work on the propellant. As 
things turned out, it took many tests 
to confirm his suspicions. He designed 
several drop-test rigs from cylindrical 
steel chambers with diameters of up 
to eight inches that used varying 
numbers of plastic discs to simulate 
the propellant layers. In each cylin- 
der, a steel ram, used in place of the 
projectile, was dropped repeatedly on 
different configurations of pellets and 
black powder. 

Throughout March and April the 
explosives group worked hard, often 
from sunup to sundown and into the 
weekends, conducting a series of 450 
drop tests. 


Touchy situation 


By late April the drop tests had 
confirmed what Cooper suspected: Re- 
ducing the number of trim-layer pel- 
lets increased the chances for igni- 
tion. It’s like stepping on a nail and 
injuring your foot as opposed to rest- 
ing your entire body safely (and care- 
fully) on a bed of thousands of nails. 
“The condition that worries me the 
most,” says Cooper, “is when you have 
a very small number of trim pellets 
coupled with a high-speed overram. It 
can touch things off.” 

Sandia notified the Navy of its find- 
ings, and within two weeks the Navy 
had set up similar, but full-scale, drop 
tests at Dahlgren. The first 16 tests 
were unproductive. In late May, 
Schuler and Cooper flew to Dahlgren 
to observe the seventeenth test. As 
the Sandia scientists watched from 
the bunker, an 810-pound steel 
weight slammed down on the powder 
bags, simulating the maximum possi- 
ble ramming speed of 14 feet per sec- 
ond. There were no fireworks. 

Navy technicians opened the bags, 
and Schuler noticed that all five of the 
trim-layer pellets in the second bag 
were crushed. “One of the pellets ac- 
tually looked like it had shot out 
some hot little particles,” says Schu- 
ler, “but they hadn’t gotten to the 
black powder in the next bag.” He 
asked Capt. Joseph Miceli, head of the 
Navy's technical investigation team, 
if he could rearrange the pellets; 
Miceli agreed. Schuler spread them 
out over an area approximately six 
inches across. 

On the eighteenth test there was a 


WHY BUY A NEW CAR 
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| You've seen the price of new 


cars...they go up every year! Cars get 
flimsier..prices get higher..it never 
seems to end. There are lots of 
reasons to keep that nice car of yours 
on the road as long as possible. 


Car sales are down and Tufoil sales 
are up. People are smart...they're 
taking the economical way out and 
what could be easier than Tufoil. Just 
add Tufoil to the crankcase. You 
don't have to shake the container or 


| add an engine flush. Just pour it in 


and drive away. 


Your throttle will get silky 
smooth...acceleration will improve. 
One customer said his car "takes off 
like a scared rabbit!" 


Tufoil works wonders for all known 
engine oils. It’s actually slipperier 


than Teflon (according to a famous | 


U.S. Government laboratory). 


You'll get astonishingly fast starts on 
cold mornings with both diesels and 
gas engines. The Canadian govern- 
ment tested Tufoil at it's cold regions 


lab. They showed faster cranking and quicker starti 


significant fuel savings with Tufoil. 


| What about additives that claim to be 


a one-time treatment that will last the 
life of an engine? Well, I’ve been fol- 
lowing the scientific literature on 
lubrication for a very long time. As 
far as I know, there isn't a shred of 
scientific evidence for such a claim. 
So don't believe it! 
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1976 476 T-Bird is now at 190,000 
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Who else but Nordic Track could have 
developed a total-body exerciser this good? 


“Say, Smokey—" 


would result from replacing the word 
sport with stiffer. When engineered 
correctly, a stiffer suspension will give 
more control of the car, but at the ex- 
pense of a rougher ride. The amount of 
effort to move the accelerator pedal 
and steering wheel can be lessened, 
but to improve ride, the springs, 
shocks, and anti-roll bars will have to 
be replaced. To improve acceleration, 
the performance rear axle on your car 
has a numerically higher ratio com- 
pared with a base car. The down side 
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water? 
Thomas Fleming, Columbia, S.C. 


Yes, very much so. The radiator bene- 
fits because the minerals in most tap 
water cause deposits to build up in 
minor cooling system passages, par- 
ticularly in the radiator core. The 
buildup is a result of chemical reac- 
tions that occur as the water passes 
through the dissimilar metals of the 
engine and radiator, the thermal 
cycling of water from cold to hot, and 
pressure changes from atmospheric to 
20 psi or more. Erosion of the water 
passages inside the engine block also 
contributes to the plugging of the 
radiator. I know it's not conventional 
practice, but the use of mineral-free 
water offers a big plus in durability. 


Independent oiler 


How would I install an independent 
oil pressure pump into my vehicle's | 
lubrication system so that I always 
have oil pressure on start-up? 

Martin Bronsdon, Gothenburg, Sweden 


The hardware you'll need to do this 
correctly will be an accumulator tank 
to hold oil pressure, an electric pump 
to transfer the oil, and piping. Figure 
out the specification of the pump by 
using the requirement of 20 psi of oil 
pressure at zero degrees F. It's a lot 
easier to buy one of the many kits 
available that contain all the equip- 
ment you'll need. 


Got a problem? Send it to "Say, Smokey—," PoPULAR 
SCIENCE, 2 Park Ave., New York, N.Y. 10016. All letters 
are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey 
cannot reply to letters not selected for publication. 
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“Say, Smokey—" 


The results on a test track are usually 
close to dynamometer testing. The only 
remaining differences that could cause 
a drastic increase in fuel consumption 
are the quality of the parts used in the 
car when it was built, the quality of 
service the car receives, and how hard | 
the car is driven. 


Running on unleaded 


I am concerned about the valves in my 
daughter’s 1971 Super Beetle, which 
was designed to run on low-octane 
leaded gasoline. It’s becoming almost 
impossible to find the correct fuel for 
this car. I have heard stories about 
people putting one cc per gallon of 
Marvel Mystery Oil in unleaded gas to 
maintain the valves. What can be 
done for me—and the millions of other 
people—who have cars designed to 
run on leaded gas now that we cannot 


| find it anymore? 


Alan Felton, Chesapeake, Va. 


You have three options: Slow down 
and baby your engine; use fuel ad- 
ditives (and that’s an expensive pain 
in the neck); or have hardened exhaust 
valve seats and faces installed. Then 
you should be in good shape on un- 


leaded fuel. 


Pop goes the Escort 


There was a loud pop when I started 
my 1985'5 Ford Escort. The engine 
ran rough, and the engine area was 
splattered with oil. The gaskets for 
the valve cover, oil pan, and trans- 
mission pan were replaced. What 
could have caused these gasket 
failures? 

W. Luyten, Littleton, Colo. 


It takes quite a bit of pressure to rup- 
ture these gaskets. It is just about 
impossible under normal engine 
operating conditions. My guess is 
that gasoline vapors leaked from 
the vent system into the crankcase 
and were ignited by a lean misfire. 
Check the engine venting system. 


What a sport 


I purchased a 1989 Chevrolet Caprice 
Classic with an optional sport suspen- 
sion. The steering wheel is extremely 
hard to turn, and the accelerator pe- 
dal is difficult to depress. Also, what is 
the effect of having a performance 
axle ratio? 

D. L. Prather Jr., Augusta, Ga. 


Sport suspension is usually a play on 
words; a more accurate description 


check the bumper installation for cor- 
| rect alignment. I think the cheapest, 
fastest check would be to look at two or 
three similar cars at the dealership. If 
they sit cockeyed too, maybe your deal- 
er is right. But if, in fact, they are built 
that way, what happens when the pas- 
sengers get in? 


| ke-pick attack 


I have a set of 15-inch Yokohama 
A403 195/50s with about 1,000 miles 
on them. Someone put an ice pick 
through the sidewalls midway be- 
tween the bead and the tread edge. 
Ive heard conflicting stories from tire 
shops about the advisability of patch- 
ing them. These tires are not cheap, 
and I sure would like to salvage them. 
Is it possible? 

Jeffrey Conley, Milpitas, Calif. 


An ice-pick hole really doesn't do 
enough structural damage to make 
tires unsafe in the area you describe, 
and a small plug won't create a 
balance problem. Also, ride would not 
be affected. There are tire specialists 
who can plug those ice-pick holes 
reliably, but the question is can you 


Amazing results: 


find the right shop? In my experience, 
tire shops that cater to truckers have 
the most expertise in this kind of 
repair job. 


Rack problems 


I own a 1984 Dodge Omni equipped 
with a 1.6-liter four-cylinder engine 
with power steering. When the car 
was new, I would feel a slight bump as 
I turned the steering wheel. Now the 
wheel is hard to turn at first, but eas- 
ier after that. 

Kevin Schmidt, Watertown, Wis. 


It sounds as if you could have a 
potentially dangerous problem with 
the car's steering system. Don't delay 
in getting it repaired. To determine the 
cause accurately, you need to isolate | 
the steering rack from the front-end 
parts. Jack up the car and support the 


lower control arms. Then, with the 
engine оп; turn the steering wheel 
from stop to stop. You should feel a 
slight snugness at center, but every- 
thing else should roll smoothly. If you 
feel or hear an area where the steering 
binds or becomes rough, disconnect 
one tie-rod end at a time, and continue 


to turn the steering wheel. If the prob- 
lem disappears after you've removed 
the tie rods, then the problem is due to 
damaged front-end parts. If it contin- 
ues, it could be the result of a chipped 
or worn tooth on the steering rack, 
and the rack would need to be re- 
placed. There is also an outside chance 
it is related to the front-drive constant 
velocity joints. 


Fuel-economy problems 


I have a 1988 Buick Century Limited 
with a V6 engine that is using gaso- 
line at an alarming rate. The car 
should get 20 to 24 mpg, but I only get 
11 mpg in the city and 14 mpg on the | 


| freeway. What could be the reason for 


the heavy gas consumption? | 
Allen Bryson, Los Angeles, Calif. 


The fuel economy figure indicated on 
the window sticker of a new car is no 
Joke; it is an accurate representation of 
the car's gasoline usage. The gasoline 
mileage is established on a wheel 
dynamometer with real-world varia- 
bles, such as stop-and-go traffic and 
inclines, factored in. Believe me, I’ve 
been through it, and you can't cheat. 


After five years, 7 out of 10 NordicTrack 
owners still use their machines 
more than 3 times per week 


The most effective aerobic exercise 
machine on the market. . . 

In 1988, Maritz Mar- | 
keting Research conducted 
a survey among NordicTrack 
owners who had owned their 
machines for more than five 
years. Their findings showed that 
fully 69% of respondents still use 
their machines an average of 3.5 sessions 
per week, 25 minutes per session. 

Their reason is simple. They have 
found that NordicTrack not only exercises 
more muscles and burns more calories in 
less time than any other machine on the 
market, but that it's mentally and 
physically more stimulating and enjoyable 
as well. 


Patented flywheel and one-way clutch 
mechanisms provide true 

d : cross-country ski action. 
UE NordicTrack features proportional 
— resistance which places primary effort on 
аб the rearward stride just like cross-country 
skiing. 

Unlike shuffle-type ski exercisers, the 
system allows you to develop a rhythm and 
continuity of motion that makes exercise 
more pleasant and easier to sustain. 


Discover for yourself. 

Call today. Or fill out the coupon below. 

We'll send you a free full-color brochure and 

video that describe in detail why 7 out of 10 

users have kept their fitness and weight- 

loss goals on track. 

Cross-country skiing—the best 
aerobic exercise. 


NordicTrack duplicates the motion of a FR. Reso bok ARAS 7 
cross-country skiing, which experts agree = | Free Broch T re & Video 
is the best form of aerobic exercise. | 1-800-328-5888 


Better than biking, rowing, running or 
swimming. 


Га L] Please send me a free brochu 
О Also a free video tape Û VHS L] BETA 


| 
| 
| 
| 
| 
| 
| 


It works all the major muscle  — Sei i e | Name а 
group s in your body: arms, е > И | Street 
shoulders, back, stomach, legs. = | City State Zip 
Which means you achieve your fitness Fhinne 


- 


[9 Jonathan Blvd. N. * Chaska, MN 55318 
A CML Company 280L0 


and weight-loss goals quickly and easily. 
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“Say, Smokey—" 


A clinic on «ars by Smokey Yunick, America's most famous mechanic 


Uneven tire wear 


I bought a new 1989 Chevy van last 
year with a 350-cubic-inch engine, 
four-speed automatic overdrive trans- 
mission, and heavy-duty suspension. 
We use it for daily transportation and 
family vacations. We do not tow any- 
thing. The van now has 11,000 miles 
| on it, it's had regular maintenance, 
and the tires were rotated at 8,000 
miles. 

A local mechanic pointed out that 
| the tires were wearing unevenly and 
that the front shocks were “bottomed 
out.” (I thought the van felt a bit slop- 
py and wasn’t taking bumps well.) He 
put the blame on the original equip- 
ment single-action shocks and said 
that everything would be fixed (tire 
wear, ride, handling) with the instal- 
lation of heavy-duty double-action 
shocks. 


Because the van is still under war- 


ranty, I brought it to the dealer, who 
told me the lower ball joints were bad. 
He could only explain this as a factory 
defect. 

Is either one right? Something is 
definitely wrong with the suspension 
and it should be fixed before the war- 
ranty expires. 


tire-wear pattern; so can excessive play 
in any suspension or steering control 
point. Other possible culprits include: 
substandard road surfaces; certain 
tire treads, especially if the tread is 
| aggressive; tires that are too small for 
the load; or tires that are too big for 
the control system. Have your dealer 
correct any part out of tolerance, un- 
bolt and check all shocks, and align 
all four wheels. When a tire is badly 
cupped, it is not likely that it will 
straighten up on the front end. How- 


Independent research shows: 
NordicTrack preferred six to one over 


In 1988 Burke Marketing Research 

` conducted a survey among NordicTrack 
owners who also own exercise bicycles and 
rowing machines. Their findings showed 


that by a margin of 6 to 1, respondents 
prefer their NordicTracks. 

They have several good reasons. 

NordicTrack's upright position is 
more absorbing and fun, both men- 
tally and physically, and provides 
greater freedom of movement than the 
sit-down positions of bikes and rowers. 


NordicTrack simulates the motions of 
cross-country skiing—the most effective 


form of aerobic exercise known—which 


means it burns more calories and condi- 
tions more muscles in less time than bikes 


and rowers. 


All of which means that owners have 
found that they can achieve their fitness 


goals more quickly and easily with 
NordicTrack than with bikes 
and rowers, and without risk 
of injury. 


Patented Flywheel 


Patented flywheel and one-way clutch mechanisms. 
provide continuity of motion making exercise more 


pleasant and easier to sustain. 
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Clark Jensen, Prairie Village, Kan. | 


Shock absorbers can cause a weird | 


ever, cupped tires may straighten up if | 
they are moved to the rear. Heavy-duty 
shocks and. suspension will work, but 
will ride poorly on good roads while 
carrying a light load. Check your vehi- 
cle's front and rear axle loading for 
suspension limits. Tire pressure is crit- 
ical to get both proper tire wear and 
mileage. 


listing Grand Marquis 


The right end of the rear bumper on | 
my 1989 Mercury Grand Marquis is 
2'4 inches lower than the left side. The | 
dealer told me the car was designed 
this way to compensate for the driv- 
er's weight. What is your opinion? 

Nate Publes, Stratford, Conn. 


Maybe, but I don't believe it; 2'!4 inches 
is quite a bit. Га check both rear 
springs for correct condition and do a 
complete four-wheel alignment. Also, 


Independently Adjustable Upper 

Body Exerciser 

~+ Upper body exerciser works 
 @xtensor muscles of the back, trunk 

rotators, biceps, triceps, shoulders, 

chest and upper back. 


Stand-up Position 

Comfortable upright position is more 
natural, more stimulating and allows 
greater freedom of movement. 


| / Independently Adjustable Lower Body Exerciser 
| / Exerciser works hip flexors, gluteus muscles of the 
buttocks, thighs, hamstrings, knee extensors, ankles 
and calves. 


Non-Jarring Motion 

Smooth, jarless, aerobic motion ensures maximum 
workout efficiency while eliminating the risk of injury to the 
knees, shins and back. 


Free Brochure & Video 
1-800-328-5888 


280L0 


'  NordrcJrack 


A CML Company 


KITCHE 


This kitchen obeys verbal commands, 
puts you on a diet, and separates 
your trash—all for a mere $300,000. 


- a i a 
PHOTOS BY JOHN B. CARNETT 
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À subtle use of technology: Screens displaying nutrition-system recipes 
flank the cook top (left). At your spoken command, black gloss in the 
counter-top backsplash (top) moves up to reveal appliances. The waste 
center is to the left of the refrigerator. The carousel pantry (at left in photo 
above) is voice- or button-controlled. At 8'/; feet high and 30 inches wide, 
it holds the equivalent of 18 linear feet of 30-inch-high cabinets. 
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kitchen that costs more than most 
houses? Does the world really need it? 

Though admittedly a bit extravagant, 
this $300,000 fantasy kitchen, designed 
by New York-based Eric Bernard Designs 
and built by Beech Associates, does have 
some fascinating features—all of which 
are available today. 

You'll have to speak up though. The kitchen's central 
feature is a voice-activated computer made by Los Ala- 
mitos, Calif.-based Mastervoice [^Butler in a Box," March 
'87]. Say “blender” and “activate,” for example, and a 
black-glass panel rises behind the counter top, exposing a 
blender that springs to life. 

The same black box controls an alarm system, the 
lights, the audio-video equipment, and a motorized pantry 
that moves its shelves like a Ferris wheel. It also governs 
the waste-management center, made up of compartments 
for aluminum, paper, glass, plastic, and trash. 

There is also a computer-based nutrition system. Set up 
a week’s menu, and the system gives you recipes and a 
shopping list. Hooked to a digital scale, it can assess the 
data, keeping track of your daily weight gain/loss patterns 
to help you manage your diet.—Timothy O. Bakke 


A lap-top computer holds your nutritional regimen; the A-V system entertains. 
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Accurately measures every angle, not just level and plumb. 


Your old bubble level is a thing of 


the past. Because now you can own 
Smartl evel. 

More than just a level, SmartLevel 
is a digital inclinometer that 
electronically measures every angle 
easily, reliably and accurately. 

Instant Calculations Make Any 
Job Quick And Easy 

SmartLevel measures level, 
plumb, or any other angle through 
360° and—with the push of a 
button-calculates and displays: 

ДА? * Degree of slope 
ы (апа]е °) 
* Percent of slope 
(grade %) 
* Rise over foot of 
run (pitch Z) 


You can quickly measure roof 
pitch; drainage, landscape or deck 


slopes; stairway rise-and much more. 
With SmartLevel's instant digital 
readout, you don't have to do any 
other calculations to figure pitch or 
slope. 
Recalibrates With The 
Push Of A Button 

Any level can be dropped and 
made inaccurate, but only SmartLevel 
can be quickly recalibrated by just 
pressing its Reset button. 

And SmartLevel's precise digital 
display can be easily read from as far 
away as 10 feet, overhead or below- 
shoulder level, in bright or dim light. 
The display even “flips over" so you 


can still read it when it's upside-down. 


High-Quality Materials 
For Durability 
SmartLevel's “brain” is a rugged 
solid-state sensor sealed inside a 
weather-resistant polycarbonate 


module, which can be used alone as 
a torpedo level. 

The rails are made of rugged 
aircraft-grade aluminum with a 
triangular shape that makes SmartLevel 
more stable than I-beam levels. 

And all this is backed by 
SmartLevel’s one-year warranty 
against defects in materials and 
workmanship. 


Give SmartLevel For Christmas! 
For an extra-special Christmas 

gift, give SmartLevel! The two-foot 
SmartLevel (shown 
above) 15 only 
$119.95. For 
complete 
buying infor- 
mation and the name of your 
nearest dealer, call us toll-free at 


1-800-SMARTLEVEL. 


(1-800-762-7853) 


SmartLevel is also available in beautiful 2-, 4-, and 6-foot teakwood versions. 
One Sensor Module fits interchangeably into any of the rails. 


© 1990 Неде Innovanons, San Jose, CA 
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real life. Scrap is first shredded, then 
fed through a rotating air lock into a 
retort, where it is heated to 1,400 de- 
grees F and decomposed. The process, 
like many commercial incinerators, 
works best when the input is relative- 
ly clean, sorted, and predictable. While 
the concept has been proven in a 
handful of experimental setups, no 
large-scale industrial site has been 
undertaken as yet. 

Another approach has been tried by 
several manufacturers of large-scale 
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The most costly 
materials in to- 
day's cars are the 
precious metals 
used in catalytic 
converters. Plati- 
num, palladium, 
and rhodium are 
deposited on the 
honeycomb mono- 
lith in a converter 
| to help reduce ex- 
9 haust emissions. 
—* By grinding down 
“С Э the monolith and 
—— heating it, nearly 
| all of the catalyst 
: metals can be 
** recovered.—D. M. 


automotive components, hastened by 
GM's demand that its suppliers take 
back their scrap from GM factories 
building plastic-paneled cars. Owens- 
Corning and other composite manu- 
facturers have been attempting to use 
reground, reinforced thermoset plas- 
tics as filler in new products, with 
some success. This addresses one of 
the significant problems in any pro- 
gram to recycle materials—finding a 
use for the reclaimed materials. 

The economic scenario that results 


A MERCEDES-BENZ 
WITH A HISTORY 


The new car of your dreams may not be 
as new as you think it is. The distinctive 
aroma of a leather interior convincingly 
says new, all right, but surely you will 
acknowledge that much of the car's iron, 
steel, and aluminum content has seen 
prior service. What may come as a sur- 
prise is how many components used in 
a car like this Mercedes-Benz contain 
recycled materials. 

The lead plates inside a car battery are 
easily recycled; Mercedes reuses nearly 
| 100,000 tons of the heavy metal annu- 
| ally. Battery housings and sulfuric acid 
are reprocessed into new units as well. 
| The company also backs programs for 
the recycling of oil, coolants, and refrig- 
| erants. And for 40 years, Mercedes 
glove compartments have been made of 
papier-máché, consuming some 180 
tons of waste paper per year. 

Scraps from the manufacturing pro- 
cess are used throughout the car. Trim- 
mings from the instrument-panel sub- 
structure are used to produce the foot 
support pads in the carpet. Thermo- 
plastic remnants from the production line 
are mixed with reclaimed scrap material, 
melted down, and used to form trunk 
linings, spare tire covers, ventilation 
ducts, and the core sections of some 
interior panels. The waste textiles are 
shredded to produce sound insulation or 
are pressed into fiberboard panels for 
parcel shelves. Not only does all this 
reuse of materials save money for the 
company, it also conserves on the 
amount of energy required to manu- 
facture the car.—Norman S. Mayersohn 


is further complicated by the relative 
scarcity of available reusable plastic. 
One of the few commercial processes 
currently in operation is remelting 
plastic beverage bottles, which are 
available in quantity in states that 
have deposit laws. And the bottle re- 
cyclers are looking seriously at the 
auto business as a potential consumer 

[Continued on page 122] 


careful formulation of so-called engi- 
neering-grade plastics. “We don't say 
we don't use recycled materials. But 
what we look for is performance— 
we don't want to sell a car that 
doesn't meet specifications. Con- 
sistency is a real problem with recy- 
cled plastics," says Sandy S. Labana, 
manager of the polymer science de- 
partment at Ford. 


ather than exploring true reuse, 
most research today is concen- 
trating on accounting for the full 
life cycle of the polymers that are the 
chemical building blocks of modern 
plastics. While there are hun- 
dreds of variations, most plas- 
tics in use today are grouped 
as thermoplastics, which melt 
and can be remelted with 
heat, or thermosets, which 
harden during a chemical re- 
action and cannot easily be re- 
formed once the reaction is 
complete. 

Both types of plastics are 
formed. when various groups 
of hydrocarbons are linked in- 
to long-chain polymers. The 
distinction is that polymers 
that form thermoplastics are 
intertwined at the molecular 
level, like worms in a can, 
while thermosets are formed 
when the long chains are 
chemically cross-linked during 
the reaction process. 

Until recently, this chemical 
distinction has been of inter- 
est mainly to a handful of en- 
gineering specialists, but the 
recycling controversy quickly 
split manufacturers of ther- 
moplastics and thermosets in- 
to two camps. Thermoplastic 
advocates boast their products 
can be remelted, hence reused, 
while thermosets remain 
locked up in chemical bond- 
age. Proponents of thermosets 
(the body of the Chevrolet 
Corvette is thermoset) say 
neither type of plastic can 
achieve real recycling. 

“Under certain conditions, 
both statements are true,” 
says Ford’s Labana. Pure thermoplas- 
tic scrap, recovered directly from the 
molding process in the factory, can be 
reused simply by remelting it quickly. 
But paint and flame retardants di- 
minish thermoplastics’ usefulness; 
panels recovered from a scrap yard 
have oil and grease on them too. And 
the heavy halogens used to improve 
the resilience of panels can make 
thermoplastics difficult to incinerate 
without toxic side effects. 

GE Plastics, a major supplier of 


thermoplastics, has proposed a pro- 
gram of thermoplastic reuse based on 
the potential for re-creating usable 
raw materials from used pieces. 

“Engineering thermoplastics have 
high demands in the automobile,” 
says Shashi Parekh, GE Plastics’ man- 
ager of advanced polymer fabrication. 
“There is the need for strength, im- 
pact resistance, and stiffness. They 
must operate in a wide temperature 
range. With paint on top, if we try to 
re-extrude, we will have degradation 
because of the contamination. 

“We can, however, take this plastic 
and use it for an application where 


The weight of the average dil car has shrunk as efforts to 
improve fuel economy have taken effect... 
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plastics over the course of the last decade. 


SOURCE: МУМА, FACTS AND FIGURES 89 


the criteria aren't as critical. A car 
bumper, for example, could be reused 
on something like lawn and garden 
equipment." The hope of such long- 
range research is a kind of product 
entropy, whereby the material in 
short-life products, such as pack- 
aging or automobiles, can be used in 
longer-life products, such as business 
machine housings or windows. Theo- 
retically, thermoplastic molecules 
could have a useful life of 100 years 
with such reuse. But the road to this 


type of a program has some serious 
potholes. 

There is some degradation in phys- 
ical properties simply from reheating 
and remelting thermoplastics. Chemi- 
cally, the main drawback to remelting 
scrap thermoplastics comes when re- 
cycled scrap contains a variety of com- 
pounds. Even a fender and door skin 
from the same car could have differ- 
ent formulations, each geared to the 
properties required of the individual 
component. The long-chain polymers 
of incompatible thermoplastics often 
don't mix well, and the result is a 
vastly inferior compound. The use of 
chemical “compatibilizers” 
that allow some mixing and 
reuse is being explored by GE 
Plastics and others, employ- 
ing technology based on exist- 
ing plastic “alloys” that use 
compatibilizers as part of 
their formula. À universal 
compatibilizer formula that 
works with mixed scrap so 
far has proven elusive. 


ne offsetting factor to 
| the problem of incom- 
patible reclaimed scrap 
is identifying the specific plas- 
tic used in a component. Sev- 
eral car companies are already 
bar-coding pieces before they 
are put on a car. And the So- 
ciety of Automotive Engineers 
has developed a universal la- 
beling code identifying vari- 
ous types of plastics. Inevi- 
tably, the program will spread 
to most of the plastics con- 
sumed. In addition, there are 
efforts under way to reduce 
the number of different types 
of plastics used in subassem- 
blies, which also will ease the 
task of eventually sorting out 
the stuff. 

A more comprehensive 
method for breaking down 
plastics at the end of their 
lives is only in the experi- 
mental stage, but has yielded 
some positive results. It is 
possible, simply by heating 
most plastics (as well as other 
organic compounds, such as rubber) 
in the absence of oxygen, to reverse 
the polymerization steps and revert 
to something akin to the feed stocks 
—gas and oil. What is more, the pro- 
cess, dubbed pyrolysis, is self-sus- 
taining, because the gas produced 
can be used to fuel the heating pro- 
cess. Ford researchers developed a 
similar process to decompose ure- 
thane foams, the cushions commonly 
used in car seats. 

Pyrolysis isn't quite so elegant in 
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Fast. 
Or Free. 
E Guaranteed. 


When you drive into your 

GM dealership for a Mr. 
Goodwrench Quick Lube Plus, 
you know you'll get three 
things: Good parts. Good п 
fast. And a good price. 

Mr. Goodwrench uses GM 
Goodwrench Motor Oil and AC 
Oil Filters. The right weight of 
oil for your kind of weather. 
And the right oil filter for your 
kind of engine. Plus, you get a 
complete 10-point mainte- 
nance check. 

You also get Mr. Goodwrench's 
Fast or Free Guarantee: 

If you're not in and out in 29 
minutes or less, your next oil 
and lube is free.* 

Mr. Goodwrench Quick Lube 
Plus. Now at participating 
General Motors dealerships, 
wherever you see these signs. 
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Now at GM 
Dealerships. 


But some portions of a scrapped 
automobile are regarded as liabili- 
ties, not resources. Criticism has 
been directed at the growing moun- 
tain of plastics that is currently in- 
cinerated or buried. Just as the tech- 
nology has been nearly perfected to 
allow extensive use of high-strength 
composites in the chassis structure of 
cars, questions are being raised 
about what happens to these materi- 
als in the scrap yard. “If we don't 
demonstrate recyclability, the market 
could go to zero," explains W. David 
Graham, research associate at Owens- 
Corning Fiberglas Corp. in Granville, 
Ohio, a supplier of fiberglass com- 
pounds used in the auto industry. 

The concept of “closing the loop,” 
as auto engineers refer to recycling 
studies, has taken on enough im- 
portance to affect major decisions on 
which materials are used in new 
cars. The result is that for the first 
time, research in disposal or reuse of 


ч, 


“е0 PLASTIC 


materials is being conducted before 
the widespread introduction of com- 
posite-body cars. 


vironmental issues is raising con- 

cern over the fate of used-up cars. 
German auto makers are facing the 
possibility of legislation that would 
require every manufacturer to take 
responsibility for its products, includ- 
ing reclaiming and recycling them at 
the end of their useful lives. BMW's 
pilot disassembly plant is the first 
step in preparing for such regula- 
tions. Joint recycling efforts shared 
by the major German auto manu- 
facturers are likely to be formed so 
that higher levels of operating effi- 
ciency can be reached. 

Somewhat defensively, auto mak- 
ers are quick to point out that even 
with a rapid growth in the use of 
plastics, a meager seven percent of 
today's typical car is plastic. And cur- 


| n Europe, a new sensitivity to en- 
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rently, the disposable-packaging in- 
dustry dwarfs automobiles as a 
source of plastic in landfills. Between 
the reuse of components reclaimed 
from wrecked and scrap cars and a 
salvage industry that reclaims most 
of the metals, the automobile is ar- 
guably the most recycled product 
manufactured today. 

Regardless, about a billion pounds 
of various kinds of plastics are con- 
sumed by the auto industry annually, 
and the figure has more than doubled 
in the past decade. Plastics is one of 
only a few growth areas in materials 
consumption by the auto industry, 
due to the drive to improve fuel econ- 
omy with lighter-weight vehicles. Be- 
sides the obvious applications as inte- 
rior panels, bumper covers, and trim 
moldings, plastics are being used in- 
creasingly for bumper beams, fuel 
tanks, valve covers, and oil pans. The 
production of plastic car bodies, for- 
merly limited to a few specialized 
sports cars, has multiplied tenfold in 
the past few years, led by the volume 
production of General Motors’ Saturn 
cars and APV minivans. 

Few automobile makers are look- 
ing directly at the reuse of plastics. 
Many automotive applications of 
high-strength polymers demand con- 
sistent quality, as well as the phys- 
ical characteristics achieved by the 


Three-fourths of 
the materials that 
make up a typi- 
cal new American 
car by weight are 
theoretically recy- 
dable, though far 
less than that is 
actually reclaimed. 
Today, steel, iron, 
and aluminum rate 
highest in reuse. 
Plastics, rapidly in- 
creasing in usage, 
present the great- 
est challenge for 
environmentally 
conscious handling 
because of the 
variety of formu- 
lations that exists 
and the lack of an 
economically feas- 
ible processing 
program. 
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As hard-to-recycle 
plastics replace met- 
als in new cars, what 

happens after the 

last mile is driven 
becomes an environ- 
mental concern. 


By DAN McCOSH 


itnessing 
а саг beng 
dismem - 
регеа for 
recycling 
is like see- 
ing a mov- 
je run in 
reverse. Assembly-line workers grab 
handfuls of once carefully installed 
wire, yank them like so many weeds, 
and drop them into sorting bins. Inte- 
rior panels, scarred with use, are de- 
tached and piled; windshield glass is 
punched from its frame and stacked 
for processing. 

This scene takes place in a corner 
of BMW's research labs outside of 
Munich, Germany. There, engineers 
are studying how many man-hours it 
takes to strip a car to its basic com- 
ponents and sort the raw materials. 
This information, gleaned from what 
may be the world's only factory-run 


disassembly line, is essential to de- 


termining the practicality of recy- 
cling the thousands of pounds of ma- 
terials left in a car after its useful life 
is over. - 

The issue of recycling is vital for 
American automobile makers as well, 
because the domestic automotive in- 
dustry consumes so much raw ma- 
terial—roughly two-thirds the iron, 
half the rubber, and one-fifth the 
aluminum produced in the United 
States in a given year. Ultimately, 
these materials will end up on the 
scrap heap, and a significant portion 
of the basic metals will find its way 
back to the smelters. Junk cars yield 
a wealth of reusable materials: 
Among the hundreds of pounds of 
copper, lead, zinc, iron, steel, and alu- 
minum is a quarter ounce or so of 
platinum (which is currently selling 
at more than $400 an ounce). Even 
when they're ready to be buried, cars 
may have some value, at least in Ja- 
pan, where landfill is imported. 
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SOURCE: WARD'S AUTOMOTIVE YEARBOOK 


SURGEON GENERAL'S WARNING. Smoking — | 
By Pregnant Women May Result in Fetal | Mf suggested retail price. 


Injury, Premature Birth, And Low Birth Weight. Kings Lights: 11 mg “‘tar’'0.7 mg nicotine — Kings: 14 mg 
aad - | | "tar;' 1.0 mg nicotine av. per cigarette by FTC method. 


| The Saturn's well-tuned chassis easily ranks with some 

POPULAR SCIENCE TEST RESULTS of the best performance sedans we have tested, an impres- 
т n sion that was reinforced by several hundred highway 
ota Corolla LE 42 miles on all sorts of road surfaces, handling country curves 
and city potholes with equal ease. The Saturn's true char- 
| acter emerges when the car is driven aggressively—an 
Honda Civic EX i. | | unexpected bonus for a family grocery carrier. Our test car 
had a few minor rough spots, however, including a notice- 


General Motors Saturn 


ACCELERATION | able dead spot in the power-steering boost when initiating 
and HANDLING #5 К: = | a turn and occasional noises that sounded suspiciously 
"ber ттт" ИШ. T 105 like loose suspension components. 
E IR еен m и RA Saturn's optional 16-valve power plant is something of a 
e e ell ЖЫ si 29 mismatch in this class, producing 123 horsepower at 6,000 
Slalom mph) асаа 452 46.4 41.2 rpm (and 121 pound-feet of torque at 4,800 rpm) to over- 
TN AC ro PE a » н" whelm the 108-hp 1.5-liter Honda and the 102-hp 1.6-liter 
BRAKES | Toyota easily. АП three engines produced some buzziness 
60-0 mph cold (it)... 160 m 149 at various rpm ranges, but overall engine smoothness is a 
60-0 mph warm (Ё.)........................ 135 139 150 weak point of the high-output Saturn engine. Because it 
60-0 mph hot (н)... 137 150 " has a comparatively large 1.9-liter displacement, the Sat- 
INTERIOR NOISE | urn engine approaches the size where a balance-shaft sys- 
M M En on 46 54 4? tem would benefit driving comfort by cutting out some vi- 
о Е " ч и bration. The Saturn base engine, а two-valve-per-cylinder 


single-overhead-cam version producing 85 hp, is signifi- 
cantly smoother and quieter, albeit at the cost of perfor- 
mance. What the twin-cam engine does deliver, though, is 
an admirable 8.6-second 0-to-60-mph acceleration time 
that left the Civic and Corolla in the dust. 

If you are looking for technology breakthroughs, not 
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ШӨ Oras a aaa | SOHC, 4 valves/ DOHC, 4 valves/ DOHC, 4 volves! 2 P 

| | | cylinder cylinder much genuinely new is visible under the hood of the 
FO ME Mecenas аа 0р ары Saturn unless you аге in the service bay. That's where the 
orgue /Ib.-f. @ rpm] ............ — 12] @ 4,800 101 @ 4 800 


| modular assembly process used in production begins to 
[Continued on page 126] 


OFF TO A GREAT START 


The proposition was laid down explicitly by former General Mo- 
tors chairman Roger Smith five years ago: The Satum will be 
competitive in every way with the best of the Japanese small 
cars. Not a lot of room for misinterpretation, is there? 

Well, the Saturn blew the doors off the Honda Civic and the Toy- 
ota Corolla in acceleration performance on all four of our mea- 
sured tests. It outbraked one or both of the others in 60-to-0-mph 
stops under cold, warm, and hot braking conditions. It ran away 
and hid from both on the skid pad and the slalom test and placed 
second in the double-lane-change test. Except at idle, its sound 
levels also measured up as at least the equal of the other two 
cars on the decibel meter. 

But keep in mind that the Saturn was not identically equipped to 
its competitors, with larger tires and an engine that generates 15 
to 20 hp more than either of the other two, and being the lightest 
of the trio at 2,429 pounds. With the standard 85-hp single-over- 
head-cam engine and base-level suspension, the Saturn would 
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Fuel tonk (0@.)................................. 11.9 13.2 have had trouble retaining its doors. 
‘aa rae p Е | E | j Clearly, this is an all-new car that's been tested to death and 
rink volume (cu. ft)... 


tuned specifically so that it goes, stops, and handles better than | 
the immediate Japanese competition. But does that make it a bet- | 
ter car overall? 

The Saturn does indeed have a great deal going for it. It is clear- 
ly an American car, designed, engineered, and assembled in 
America with better than 95 percent North American content. Its 


Base prithig ; 510,295 510,928 : - : z : А i А : 
Price 05 esed... es . | $12, $11,070 $11,992 derivative but pleasing design is a bit Olds, a bit Pontiac, and a bit | 
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tilt wheel, power 
windows $799; cruise 
control, variable wipers 
5210 


tors that is built with major body parts made of plastic, the Saturn 
benefits from lessons learned along the way. The straightness of | 
the plastic panels and the brilliance of the paint, whether applied | 
to steel or plastic, is amazingly good. 

It also feels good in a driver's hands, glued to the road, with a 
nice, heavy steering feel. And it's been generously equipped in 
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Brake pads, front........................ 


Not available 5 33/543 


Front shock/strut insert (each) .............. Not available 122) 82 the standard-equipment features department. About the only 

Miemnilor....... ica Not available | 397/ 34 I s 

Water ритр................. guum TD Not available | 75/58 thing it doesn't have, and can't have because it is brand new, is 

ШАШЫ: ааа | Not available 299/ 72 the tremendous reputation carried around in the marketplace by 

Heodlight assembly ............................. | Not available 131/ 29 the other two cars in this test. All in all, an auspicious beginning 
* Lobor costs reflect manufacturer's flat-rate time allowance multiplied by typical for the upstart from Tennessee.—Jim McCraw 
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variable-ratio rack-and-pinion steering. The suspension is 
MacPherson struts in front and strut-type layout in the 
rear, with wheel location ensured by three links—two lat- 
eral and one trailing. The Saturn approach closely resem- 
bles the Corolla in basic design, while the latest generation 
Civics use double wishbones in the front and rear, a setup 
that provides good wheel control while cornering and ade- 
quate travel for deep potholes. 

The mundane suspension specifications don't do justice 
to the handling performance demonstrated at the track. 
The Saturn sports touring sedan achieved an astounding 
0.83 g on the skid pad, better than the Mazda RX-7 Turbo 
we tested in September 1989. The Saturn also posted the 
fastest slalom speed in this group and proved quick 
through the double-lane change. More importantly, steer- 
ing was precise, lively, and confidence-inspiring, respond- 
ing quickly and faithfully to all driver input. Part of the 
Saturn's edge can be chalked up to its P195/60R15 tires, 
which put considerably more rubber on the pavement than 
the tires on either of the other cars. 

Га rate Saturn's handling performance as marginally su- 
perior to the Honda's. The Civic is also a predictable and 
lively-but-stable car, however, it sometimes felt slow re- 
sponding in comparison. 

Though the Corolla offers a comfortable ride and quick 
steering, overall handling performance proved to be its 
weakest point, falling far behind the Saturn and Civic. The 
Toyota.combined poor grip and severe understeer with a 
disconcerting tendency to break loose abruptly in the lane- 
change maneuver, characteristics that were matched by a 


tendency to wander on the highway. 
A braking systems, with the Saturn slightly more ag- 
gressive than the other two in cold stopping, and the 
Honda improving its braking distance after repeated stops. 
To GM's credit, a combination of antilock brakes and four- 
wheel discs is offered as an option on the Saturn; and this 
car is one of the first to get the Delco Moraine-developed 
ABS VI system that uses an electrically driven brake-pres- 
sure modulator [^Antilock Brakes for $400," Oct.]. Still, 
Saturn marketing executives missed an opportunity to es- 
tablish safety leadership by not offering an air bag, instead 
relying on a crudely operating motorized passive seat belt 
system that jammed frequently on our test car. This is par- 
ticularly surprising because GM recently announced that 
it would add air bags to its full line within the next few years. 


ll three cars have powerful front disc/rear drum 
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Around this office, choosing a group of competitive cars for | 
testing can turn into a world-class exercise in splitting hairs. 
When all attempts at conventional logic fail, we start with what 
most new-car shoppers do—look for significant vehicles roughly 
equivalent in size, price, and function. 

Pinpointing the contestants for a shoot-out with the new Satum 
was simple, that job having been done long ago by General Mo- 
tors’ product planners. The Civic and Corolla are the undisputed 
subcompact-class standard bearers. 

A bit of pencil work with the specification charts raises nagging 
questions, however, about which cars would be the Saturn's com- 
petitors in the marketplace. Judging by wheelbase, GM's new 


| entry is closer to the Toyota Camry or Mitsubishi Galant than its 


declared rivals. In overall length, Saturn stretches 7.5 inches 
longer than the Civic from bumper to bumper and nips at the 
heels of the 626. Satum also offers optional antilock all-disc brakes 
and a 123-hp engine, perks not available in the Civic and Corolla. 
Explain all this to the MBAs in Satum marketing, and you'll be told 


| that the Camry, Galant, and 626 are in a higher price class—true if 


you're comparing the 85-hp base-model Saturn, which lists at $7,995. 
But move up to the 123-hp sports touring sedan (base price: 
$10,295), add typical options like an automatic transmission ($695) 
and air conditioning ($775), and you're in Camry country. It looks like 


| GM is targeting a wide swath of the Japanese competition, an inter- 
| esting strategy that just might pay off.—Norman S. Mayersohn 


A good deal of the prelim- 
inary excitement over Saturn 
revolved around the man- 
ufacturing process. Our test 
Saturn, a four-door sedan 
with the optional DOHC 
16-valve engine, was deliv- 
ered straight from the 
startup of the production 
line in Spring Hill, Tenn., 
where GM has built a Star 
Wars-style complex that 
manufactures and assem- 
bles all the basic compo- 
nents that go into the car: 
engine, transmission, space 
frame, and body panels. 
That makes it the biggest, 
most-complex plant to open 
in the auto industry in this 
half of the century, a sce- 
nario tailor-made for start- 
up glitches. 

Since the earliest stages 
of the Saturn program, two 
benchmark cars—the Hon- 
da Civic and Toyota Corol- 
la—have been continually 
proffered as the ideal stan- 
dards of comparison. We 
pitted the Saturn against a 
Corolla LE sedan delivered 
directly from a local deal- 
ers lot and a factory-sup- 
plied Honda Civic EX se- 
dan—two tested, seasoned 
veterans representative of 
the best of the Japanese 
small-car field. 

Saturn is brand new, but 
not without a pedigree, 
because much of the new 
Saturn technology can be 
traced to previous pioneer- 
ing, if sometimes flawed, 
efforts; other features are downright imitative. Saturn's 
all-new all-aluminum power plant brings GM up to snuff 
with modern multivalve fuel-injection engine technology, 
but breaks little new ground. Even the innovative trans- 
mission design, which carefully matches the architecture 
of the manual and automatic to minimize manufacturing 
costs, owes much to Honda. The main technical flyer GM 
takes with Saturn is the basic structure of the car, a steel 
space frame clad with new-generation plastic panels. 

The Civic and Corolla both use conventional stamped- 
steel body construction, with structural loads distributed 
through the unibody chassis and the sheet metal. Exten- 
sive refinement has reduced weight and increased stiff- 
ness, giving the latest generation of Corollas and Civics 
solid structures that provide a strong foundation for the 
suspension and ensure relatively low interior noise levels. 

The space-frame construction of the Saturn is fundamen- 
tally different—an open framework cages the driver and 
passengers in welded steel stampings; the body panels are 
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From left to right: The Saturn sedan handily 
betters the quum: of its two primary ri- 
vals, the Honda Civic and Toyota Corolla. 


102 | POPULAR SCIENCE DECEMBER 1990 


hung in place primarily to keep the wind from whistling 
through the cabin. Originally developed for the Pontiac 
Fiero, the skin-on-steel structure was refined further for 
GM's APV minivan. 

Saturn's structural frame is skinned on the vertical sur- 
faces with thermoplastic materials allegedly so tough that 
a full-tilt broadside with a shopping cart merely bounces 
off. We witnessed a couple of sledgehammer blows and 
were impressed. It's also completely rustproof, a feature 
less important today with the routine use of two-sided gal- 
vanized steel for body panels, but still desirable for drivers 
in the rust belt. All of the plastic panels are screwed in 
place rather than bonded with adhesive, which makes 
them easy to replace if they suffer damage. The plastic- 
clad construction technique also allows exterior styling to 
be revised more frequently, lessening a major competitive 
edge enjoyed by Japanese manufacturers who have rou- 
tinely introduced fresh styling for their cars every three to 
four years. The roof, hood, and the top of the trunk are steel. 

Judging from past efforts, space-frame construction has 
some advantages, but can be susceptible to arthritic creaks 
and groans and a soft feel to the chassis if not properly de- 
signed. So I headed for the manhole covers. 


SCIENCE test procedure, but a row of them, stand- 
ing proud a couple of inches above the surface of a 
roadway being prepared for repaving, was as tempting as 
the slats of a picket fence to a kid with a stick in his hand. I 
deliberately aimed at the covers, looming like a row of iron 
pizzas, and anticipated the worst. Instead, the Saturn's 
long-travel suspension responded with a satisfying whump, 
bump, bump—no echoes, no fingernail-on-the-blackboard 
creaks or aftershock from chassis flexing. It was the kind of 
ingratiating performance that indicates that this small car 
won't beat up either the driver or the groceries—a promis- 
ing start. 

Saturn's exterior, with its sisterly resemblance to other 
GM division products, gives a first, and deceptive, impres- 
sion of being a larger car. In fact, the basic Saturn platform 
is stretched in significant dimensions, notably the wheel- 
base, compared with most economy cars (see box, What Is 
Saturn's Competition?) The front seat is expansive, while 
the rear is disappointingly lacking in headroom, a trait 
shared with the Corolla. The long Saturn wheelbase tends 
to reduce fore-and-aft pitching, but cuts into steering 
quickness, although this seems compensated for by the 


M anhole covers aren't part of the standard POPULAR 


~ >= GM's best shot at winning back respect in 
> i һе subcompact category, Saturn (bottom) 
`> \esquares off with class leaders Honda Civic 
~ (еН) оп Toyota Corolla (top). 


